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OT PEAJAKTOPA

Mnozoysarxcaemorii yumamens! Ilpurnamaem Bac npussath yuactue B padore Bectauka TUVYA.
XKypran myOnukyer cTaTbMl M 3aMETKH, BKIIOYAIONIWE HAy4YHbBIE pe3yJbTaThl Kak B OOJIACTH Teope-
THYECKHX, TaK U MPUKIIAJHBIX TIPOOIEM.

Bectauk 'MYA 6bu1 ocHoBan B 1998r. m BBIXOAMJ B CBET JBa pa3a B TOJ O] Ha3BaHHEM
“COopHuk Hay4HbIX TpynoB. Cepus MojenupoBaHue, ONTHMU3ALMsA, yHpasieHHE (OCHOBATENb M
rMaBHBIA pemakTop - A.T.H. C.O. CHMOHSH, OTBETCTBEHHBIH ceKpeTaps - K.T.H. A.I". ABEeTHCSH).

BBuay Bbicokux npodeccroHanbHbix kauecTB Coopauka B 2004 r. BAK-om PA oH 0611 BKITIOUEH B
CIIHCOK PEUEH3UPYEMBIX MEePUOJUIECKUX IMyOIMKAIMH, IPUEMIIEMbIX JUIl KaHIUIATCKUX U JIOKTOPCKHUX
IUCCePTaLnil B BUIe eAMHCTBEHHOH cepun BectHnka MY A o TeM jke Ha3BaHHEM.

C 2012r. sTa cepusi BHIXOAUT B CBeT MojA Ha3zBaHueM ‘TIH(pOpMalMOHHBIE TEXHOJIOTHH,
JNEKTpOHUKa, paguoTexuuka” (MTOP). Pazpenamu UTOP sapnstores:

» MHudopmarmonnsie Texnonoruu (UT): cucTeMHbIe ¥ HHCTPYMEHTAIBHBIC CPEICTBA KOMITBIOTEP-
HOM, KOMMYHHMKAIIMOHHOM M OPraHU3allMOHHON TE€XHUKH, IPOrPAMMUPOBAHUE, aBTOMAaTHYECKUE U aBTO-
MaTH3UPOBAHHBIC CUCTEMbI YIPABICHUS, CUCTEMbl aBTOMAaTH3alUH IIPOM3BOACTBEHHBIX HPOLECCOB, MO-
JIeJIMPOBAaHUE M MCKYCCTBEHHBII MHTEIUIEKT, 3all[uTa MHPOPMAIUH, TEXHUYECKasl THarHOCTHKA, JIOKAaib-
HbIC U TI100aNIbHBIE HHPOPMALIMOHHBIE CUCTEMBI U ceTH, Web-TeXHOIornu, aHau3 3Gp(eKTHBHOCTH MPH-
menenus UT u np.

» DICKTPOHMKA: KJIACCHYECKas TEOpeTHYeCKas M HpaKTHYeCKas DJIEKTPOHHKA, CXEMOTEXHHKA,
MOJYIIPOBOJJHUKOBAs M TBEPJOTEIbHAs MHKPOAJIEKTPOHHKA, KOHCTPYKTOPCKO-TEXHOJIOTHYECKOE IPOCK-
THUPOBAaHHE M MOJEIHMPOBAHNE MHTETPAIBHBIX CXEM, HAHORJIEKTPOHWKA M HAHOTEXHOJIOTHH, (hOTOIICK-
TPOHHBIE IPUOOPBI U (HOTOHUKA, HAZIEKHOCTD M KAYECTBO 3JIEKTPOHHBIX CUCTEM H JIp.

> PaJauoTexHUKA: TEOpHs U TEXHHKA CBA3M, DICKTPOAWHAMHUKA, JHHUH nepeaadn HH(POpMAIHH,
nudpoBasi 00pabOTKa CHUTHAIOB, ONTOBOJIOKOHHAS CBS3b, KOHCTPYHPOBAHHE M TEXHOJIOTMU pajuo-
9JIEKTPOHHBIX CPEJICTB, HAASKHOCTD U KAUECTBO PAJANOICKTPOHHBIX YCTPOHCTB M CHCTEM H JIp.

[TyOnukyroTcst Takke 0030pBI, XapaKTEPHU3YIOLIME COBPEMEHHOE COCTOSIHHE OCHOBHBIX HpoOJieM
HH(GOPMALMOHHBIX TEXHOJIOTHH, DJICKTPOHMKH M PAJAHOTEXHHMKH, NEPCHEKTHBBl HX INPUMEHEHHS U
pa3BUTHS, COOOIICHUS O HanOOIee MHTEPECHBIX HAYYHBIX KOH()EPEHIMSIX, MAaTEpUaIbl HAYYHbBIX JUC-
KYCCHH1, pelieH3UH Ha HOBBIC KHUTH U JIp.

T'nasnwiii pedaxmop cepuu  C.0. Cumonsan
EDITORIAL

My most esteemed readers! We invite you to take part in activity of SEUA Proceedings. The
journal publishes papers, notes including scientific results both in the spheres of theoretical and practical
problems.

SEUA Proceedings was founded in 1998 and published twice a year under the title “Collections of
scientific papers. Series Modelling, optimization, control” (the founder and editor-in-chief - doctor of
technical sciences S.H. Simonyan, the responsible secretary - candidate of technical sciences A.G.
Avetisyan).

Due to high professional reputation of the Collection the RA Highest Certificate Commission in
2004 included it into the list of reviewing periodical publications acceptable for candidate and doctor
thesis as a single series of SEUA Proceedings under the same title.

Since 2012 this series has been published under the title “Information technologies, electronics,
radio engineering” (ITER). The sections of ITER are the following.

» Information technologies (IT): systems and instruments of computer, communication and office
equipment, programming, automatic and automated management systems of production processes, simu-
lation and artificial intellect, information protection, technical diagnostics, local and global information
systems and networks, Web-technologies, analysis of IT application efficiency, etc.

» Electronics: classical theoretical and practical electronics, circuit technology, semiconductors and
solid-state microelectronics, engineering design and simulation of integral circuits, nanoelectronics, and
nanotechnologies, photo-electronic devices and photonics, reliability and quality of electronic systems,
etc.

» Radio engineering: communication engineering, electrodynamics, data transmission lines, digital
signal processing, fiber-optic communication, design and technology of radioelectronic devices,
reliability and quality of radioelectronic devices, etc.

Besides, the journal publishes reviews characterizing the state-of-the-art in basic problems of
information technologies, electronics and radio engineering, the perspectives of their application and
development, reports on the most interesting scientific conferences, materials of scientific discussions,
new book reviews, etc.

Editor-in-chief of the series S.H. Simonyan
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4.0Bcensin I'.A.,, Apycraman B.E., Oscensn A.K. Kpurepun onrumuzanuu
MHTETPUPOBAHHBIX ~ KOPIIOPATHBHBIX ~ TEXHOJOTMUYECKMX ceTeld cBs3u // BectHHK
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B.E. APYCTAMSIH, A.K. OBCEIIAH, I''A. OBCEIISIH, A.Il. CAPT'CSAH
KPUTEPUU OHEHKHU D®@P®PEKTUBHOCTHU CETEU
C KOMMYTAIIMEN MAKETOB

PaccmatpuBaroTcsi BOIpochl OLeHKH 3()()EKTHBHOCTH ceTeil ¢ KOMMYyTallMeil MaKeToB.
[pemnaraercs onpenesieHne U NpUMeHeHHe Ooee 00IIero KPUTEPHsL.

Kniwouegvie cnoea: MOTOK NaKeTOB, MHTEHCHBHOCTh OOCITY>KHBaHHs, CPEIHEE BpEMS,
BEPOATHOCTH CTAPEHHSI.

V.E. ARUSTAMYAN, A.K. HOVSEPYAN, H.A. HOVSEPYAN, A.P. SARGSYAN
CRITERIUM EVALUATION OF EFFICIENCY PACKET SWITCHED
NETWORKS

The evaluation problems of efficiency in packet switched networks are considered.
Definition and application for more general criterium are proposed.
Keywords: packet stream, intensity of service, average time, probability of aging.
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A.IL. TATAXSAH, II.M. ITATAXSAH

PA3BPABOTKA ITIPOI'PAMMHOTI'O OBECIIEYHEHUA
ABTOMATHU3NPOBAHHOI'O PABOYET'O MECTA JUCIIETYEPA
Y3JA OYUCTKHU I'A30ITPOBOJA

PaccmarpuBaoTcs BONPOCHI CO3/aHUSL IPOIPAMMHOIO OOECIEUEHUS BEPXHETO YPOBHS
JBYXYPOBHEBOW CHCTEMBI YIPaBJIEHHs y3JIOM OYMCTKU Ta30lpoBOJa - aBTOMATU3MPOBAHHOTO
pabouero MecTa AucIeTIEpa.

Kntouesvie cnosa: mporpaMmHoe oOecIiedeHue, ra30IpoBOl, y3€l OYHUCTKHU, JHUCIETYep,
MHEMOCXEMa, MEHIO.

A.P. SHATAKHYAN, P.M. SHATAKHYAN

SOFTWARE DEVELOPMENT OF DISPATCHER'S AUTOMATED
WORKSTATION FOR GAS PIPELINE CLEANING UNIT

The software development of gas pipeline cleaning unit for two-level system control top
level - the dispatcher’s automated workstation is considered.
Keywords: software, pipeline, cleaning unit, dispatcher, mnemonic schema, menu.
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VIK 621.52+511.52
B.P. ABUHSIH

METO/I PEHIEHUS HEJIMHEWHBIX MAPAMETPUYECKHX
MATPHUYHBIX YPABHEHHU HA OCHOBE JU®®EPEHIIMAJTbBHBIX
NPEOBPA3OBAHUI

[Ipemmaraercss MeTOn peUIeHHS HEIMHEHHBIX MAaTPHUUYHBIX ypaBHeHHH Pukkatn Ha
ocHOBe nuddepeHranbHbIx npeodpazoanuii I'.E. ITyxosa.

Knrwouegvie cnoea: napamerpuueckas MaTpulla, MaTpUYHOE YypaBHeHUEe Pukkaruy,
middepennmanbHbie mpeodpa3oBaHus, MaTpUuHOE ypaBHeHHe CHiibBecTpa.

Beenenne. YacTo BcTpeuaroTcs Takue 3ajaud (B MaTpuUuHOH anreOpe, B 3aja-
Yax ONTUMAJIbHOTO YMPABJICHUS U T.J.), PEIICHHS KOTOPBIX CBOAATCS K PEIICHHIO
MaTpUYHBIX ypaBHEHHUIl, B YaCTHOCTH, MAaTPUUYHBIX ypaBHeHuil Tuna Pukkatu [1].
KonmaecTBo MeTOmOB Al pemieHHs] TaKMX YHCIOBBIX MAaTPUYHBIX ypPaBHEHHH HE
Benuko. Mccnenoanus [2-4] mokaseIBaioT, uTo nuddepeHnnanbable TpeoOpa3oBaHus
3¢ PEKTHBHO UCIIONB3YIOTCS JUIS PEIICHHS Pa3IYHBIX MapaMeTPHISCKUX MATPHYHBIX
ypaBHeHu#. Mcxoas W3 BBILEH3IOKEHHOTO, Ul PELIeHUs HEJTHMHEHHBIX Iapa-
METPUUECKUX MATPUUHBIX YpaBHEHMH THmNa PUKKaTH mpennaraercss TakKe HCIOJIb-
30BaTh nuddepenunansabie npeodpazoBanus [.E. Ilyxosa [2,5], koTopsie B o0meM
Cllyuae IIpeJCTaBIIAIOTCS B BUTIE
X(K):H_K.aKx(t)
Kl atK [t=t,

rie X(K) - usoGpakennme wim jmckpera opurmmama x(t); H - macmrraGuerit

JK=00 = x(1) =N, H X(K) (1)

K03(punmeHT; t, € [to ,T] - IIEHTpP anmpOKCUMAIIVH; N(-)— HeKasi MHTEPIOINPYIOIIas
(yHKIHS, ¢ HOMOLIBIO KOTOPOIl BOCCTAHABIMBACTCS OPUrHHAI X(t) (B 4aCTHOCTH, C
MOMOIIIbIO COOTHOIIIEHUI Makiopena, Teitnopa, [Tane, @ypee u np. [5]).

MaremaTnyeckuii anmapar. PaccMOTpuM HENMHEWHOE HapaMeTpU4ecKoe
MaTpUUYHOE YpaBHEHHE 00lIero Buaa tuna Pukkaru:

AE)X (t)+ X (0)B(t)+ X (t)C(t)X (1) = D(1) b

KoTOpoe B obOnactu JuddepeHInanbHeIX OpeoOpa3oBaHUN INPENCTaBIsAETCS B
CJIEAYIOIIEM BUJIE:

npu K=0:
A0)X (0)+ X (0)B(0)+ X (0)c(0)X (0)=D(0), 3)
OTKyza
A(0)X (0)+ X(0)B(0)=D(0)- X (0)c(0)X (0)= D(0);
opu K=1:

21
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D(2)=D(2)- A@)X (1)+ A(2)X(0)+ X (1)B(1)+ X (0)B(2) +
+X(0)c@)x 1)+ X @)c@)x (0)+ X 0)c(1)x 1)+ X (0)c(2)X (0),

O003Ha4NB
MOJTYYHM

(6))

mpu K= K:

D(K),
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> A (K 1)+ 3 X (B(< - D)+
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{A()+ X (0)C(0)ix (K)+ X (K )}B(0)+ C(0)X (0)}=D(K) -

(S A K-+ T x (B - D)+ S X(pR@X(]

j= p=0;9=0;r=0

O0o3HauMB TCIICPH MPABYIO 4YaCTh KaK o
_ K K-1 p=K-1;0=K;r=K-1
D(K)=D(K)—1 > ADX(K ~i)+ 3 x(BK 1)+ > X(pk@X()f, ©
i=1 j=0 gjgirq;OK;hO
MOJIy4YHUM
A0)X (K)+ X (K)B(0)=D(K). (7)

Jnst monmydyeHus! HyJIEBOM MaTPUYHOM JUCKPETHI X(O) OpI/IFI/IHaJ'IaX(t) HEo0-

XOIMMO KaKHM-TO 00pa3oM pEIINTh HETHHEIHOE YHCIIOBOE MATPUYHOE YPaBHEHHUE
Buga (3) [1]. [amee, mociemoBaTenbHO pemias MaTpUYHBIE ypaBHEHHS THIIA
CunbBectpa (4), (5), (7) (neBble yacTH KOTOPBIX Pa3IMYAIOTCS TOJIBKO HOMEPaMU
MaTpuuHbIX AUCcKperT X(K), a NpaBble YacTH - PEKyPPEHTHBIMH COOTHOLUCHHSIMH),

IOJly9rM MaTpuyuHble AUCKpeTsl X (1),..,X(K),., a 3aTeM B COOTBETCTBHH C HPAaBOM

yacThio (1) Jerko MoxHo BocctanoBuTh opurunan X (t).

Mopeabnblii npumep. IIycTs naHo ciemyromee mapaMeTpU4ecKoe MaTpUYHOE

ypaBHEHHeE: AL)X (t)+ X (t)B(t)- X (t)c(t)X (t)+ D(t)=0,

B(0)= 1 ﬁ“—sg M} A= 57 ), c@{‘z (éiii)},

1] (e 41 (t2+1) 2t° 5
6t +3

D(t)=[d.(t) d.(1)],

10t t° 25t7 19J

rae

_4t-=
3 3

(et8 -4t7 -6t5 +6t° +3t3 -t2 -2t+1§j

(4t1° -2t% - 2t7 - 2t® 4+ 5t° -
dlﬁ)z

3
8t' +8t° - 8t% +4t7 -t° +t° -6t* +%-6t2 +%+%J

d2<t): 16
(12t9 -8t® +6t" -8t® +9t° -7t? -12t+?j

CootBetcTBytomue Marpuansle quckpersi npu t, =0 u H =1 6ynyt:

- U1 MaTPHILBL A('[):
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A(5):L21 _02}A(6):{_12 2} A(7)={_21 _02} A(s){_l2 2} A(9)={_21 _OJ

H T.]I;

- JUIA MaTPHIBI B(t) :

R I LR | R B EOR b
o)=L 5 ee-la e 7 a2 )
B(8)::_02 ; B( ):LZ) :ﬂmﬂ

- JUI MaTPHLBI C(t) :

C(O):B 1(/)3}’0(1):[3 ﬂ,c(z):B —2/3}’(:(3):[8 —12}’0(4):[2 4(/)3}
oo el SJeonls Qe el 3

T varpm D():
D(O)z[_lsf 186//33}'D(1)={—_2L/13 Zﬂ D(z){zf/f :ﬂ
o i L N 1 O M O R [
o[ 4 o[ 2 4 o3 4] o[ ¢

B pe3yabTaTe PpeICHUA COOTBECTCTBYIOLICTO HEJIMHEHHOT O MaTpHU4HOI O

ypaBHeHus (3) NOIyIuM
-1 -1
X(0)= .
-7 5

Janee, pemas coorserctytomue (7) matpuunbie ypasuenus npu K =0,K
n3BecTHBIM MeTtojoM baptensca-Crroapra [1], modyunMm criemyrommye MaTpHYHBIC
JIUCKPETHI PEIIEHUS X(t):
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X(O):[_ll :ﬂ;x(l):ﬁ ﬂ,x(z):{; g},x(s):[g (ﬂ
X(K)=1{0},K =48....

HetpynHo yOeauThCs, 4TO MaTpUYHBIE IHCKPETHI X(K),K :@ YAOBIET-

BopsitoT ypaBHeHuio (7). Hcmone3ys nuddepeHnnanbHO-MaKIOpeHOBCKUE TTpeodpa-
30BaHMSA, TIOJIy9UM pEIICHUE

[2-1) (@2 +t-1)
X(t){(m) (3t-2) }

KOTOPOE yIOBIETBOPSAET YPaBHEHUIO, COOTBETCTBYOLIEMY (2).
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V.R. AVINYAN

METHOD FOR SOLUTION OF NONLINEAR PARAMETRICAL
MATRIX EQUATION BASED ON DIFFERENTIAL TRANSFORMS

The method for solution of Riccati’s parametrical nonlinear matrix equations based on
G.E. Puckov's differencial transforms is proposed.

Keywords: parametrical matrix, Riccati’s matrix equation, differential transforms,
Silvester’s matrix equation.
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BecTHUK MNYA. Cepust “VIH(hOpMaLMOHHbIE TEXHONMOTWN, 3NeKTPOHNKA, pasnoTexHuka”. 2012. Bsmr. 15, Nel.

VK 621.52+511.52
C.0. CUMOHSIH, A.K. BACWISIH

J-AHAJIOT L(T,9)R(T,t)-PA3JTOKEHUSI NJ151 OBPALLIEHUS
HNEPUOINYECKHUX MATPHI]

[Ipennaraercss mpocTol YMCIEHHO-aHATUTUIECKUIT METO]], C TIOMOIIBIO KOTOPOTO JIETKO
olpeziensieTcst o0paTHasi MaTpHLA EPHOJMIECKONH MaTPHUIIBL.

Kntouesvie cnosa: nepuogmdeckas Marpuia, auddepeHnuansaple  mpeodpa3oBaHus,
oOpaTHas MaTpulla, HHYOPMALUOHHbIE TEXHOIOTHH.

Beenenne. JluddepeHunanbHeie  TpeoOpa3oBaHUs,  MPENIOKEHHBIE U
noctarouyHo u3ydeHHele I'.E. IlyXoBbIM, Haluld HNpUMEHEHHE B MHOI'OYMCIEHHBIX
3aJjayaX MaTeMaTHYEeCKOT0 MOJCIHPOBAHUS, TJe UX PEIlCHHs B 3aJJaHHOM UHTEpBaje
BpPEMEHHU MOTYT OBbITh NPeCTaBIEeHbl CTENEHHBIMU pagamMu Maxknopena, Teiinopa unu
JpyruMH COOTHOLIEHUsAMH [1].

[Mycte 3amana ¢ynkius X(t), obOnamaromasi OECKOHEUHOW TJIAJAKOCTHIO B
HEKOTOpo#i Touke t =t,. Toraa JI-npeoOpa3zoBaHus UMEIOT BH]

HX a%x(t)
X(K)=—--
Kl otk Jt=t

rae X(K) - usoOpakeHue (IUcKpeTa) opuruHana X(t) (QyHKIMsA Ien0YHCIEHHOTo

, K=0,0 I x(t)=%(t,t,,H,K),

v

aprymerTta K =0, ); H - Hekoropas moctosiHHas (MacmTaOHbIA KOI((HUIHEHT);
t, - LEHTP aNmpOKCHMAIMM; = - 3HAK Hepexoja U3 00NaCTH OPUTHHAJIOB B 00JIACTH

H-uzobpaxkenuii u Haobopot; W (-) - HekoTOpast BocctaHapauBaromas X(t) GyHKIHs.

Hcnons3oBanue L(T,0)R(T,1)-paznoxenus Ajis odpaieHusi NepuoanIecKoi
maTpuusl. [Tycts g matpunsl @(T,t) ¢ nepuosoM T UMEET MECTO yCIIOBUE

O(T,t)=L(T,HR(T.1), (1)

rae L(T,t) - HmKHAA TpeyrojbHas MaTpHla C €IWHHIIAMHU Ha TJIABHOW AMAroHaju;
R(T.,t) - BepxHsist TpeyroipHasi MaTpHIla.

Cootnomenue (1) mo ananoruu c [2] HazoBem L(T,t)R(T,t) - pasnoxenuem
matpuist O(T,t).

EcrectBenHo, uro u3 (1) umeem

@ (T t)=R™(T,t)L(T,1). )
Torna, cornacho [1], JI-uzo0paxenue (1) umeer Bup
&(T,K)=L(T,K)*R(T,K), K =00, ?3)
a JI-uzo0pakenue (2):
O(T,K)=R(T,K)«L(T,K), K=0,0m, 4)
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roe 3gech W oganee *- 3mak T -ymuoxenms (ceeprka) [1], a RV(T,K) u

L“Y(T,K) - marpuunsie muckperst obparasix marpun R (T,t) u L' (T,t) coor-
BETCTBEHHO, a He oOpatHble MaTpuibl MaTpuuHbix auckpetr R(T,K) u L(T, K).
[Janee n3 yciaoBus nepruoAnIHOCTH nMeeM [3]

@y(m+1)=(1), 1=1m, )
rae B obmem ciaygae M = M(T), cremoBaTenbHO,
m. —-m)! -
¢(T,K)=w@(K—m), K =m,co. (6)

Teneps Haiinem obparabie marpunst L (T, K), RY(T,K) , yuurssas, uro
L(T,K)* LT, K)=E,
rae E - ennnudnas Marpui@a. 10 COOTHOLIEHHE B PA3BEPHYTOM BHJIE HMEET BH/I

1 0 o] NEM(T,K) 15T, K) 1$9(T,K)
L (T,K) 1 I(‘l)(T K) I(‘“(T K) 159(T.K) |
oy (T.K) - In,n_l(T,K) 1 ”(T Ky I “1(T K) I$9(T.K)
ell O 0
10 ey 0
0 O e

rie |i(j_')(T, K) - i, j-it snement o6parnoit marpuuer L™ (T, K), a e o6paruas

semunna snementa |; (T, K) marpunsr L(T, K).
U3 370l cucTeMpl MOMy4YuM

(-1) _

I; i (T, K)—elj,

Ly(TK) I D(T,K)+159(T K)=¢, ;,

(T K)#IGD(T K )+ (T K)#I5P(T K + 1o (TK)#(T K ) -+ 1G(T K) =6,

j :11n1

. 1, ecmi=j,
rae e . = . .
"o, ecmi# .

CrnenoBaTensHO, B 00LIEM ClTydae UMeeM

27



KT K) =g, —;}lm(T,K)ﬂgﬁ)(T,K )=6, —;;Iip(T,K—I ) ISR, e
i,j=1n.

AHaJIOrHYHO U3 COOTHOIIEHHUS
R(T,K)*RI(T,K)=E

HMCEM

L(TK) B(TK) - (TK)] (TR ST K) o (T K)
0 n(TK) - p(TK)| [ETK) BITK)Y - R(TK)|
0 0 - n(TK) (T K) o f(TK) (T K)
0 ezz 0

U3 310l cucTeMbl MOAYyYUM
(T K)*r D (T K+ 1, (T K P (T K )41 o (T, K ) #1) (T, K+

+ 1 (T KD (T K 1, (TS DT K) =6y

Lo (T K)* 05D (T K ) e 1y, (T KO)# ) (T K )+ 15, (T K)#rED (T, K) +

+0, (T K)*r DT, K) =gy,

Mzn2 (T K)F D (T K) 410 (T K)* 6 (T K) 41, (T K)#0GH(T K =6, )
Fetns (T KD (T K) 41 (T K)* 0T K ) =6

Moo (T K)*05D(T K) =€,

j=1,n.

CrnenoBaTensHO, B 00LIEM ClTydae HMeeM

rul(T,K)—LeLj - Zn:rip(T,K)*r,()j1)(T,K)J+rii(T,K)—

p=i+l

3
&~ i irip(T,K—l ) (T )‘iﬂem‘ - ifw(TvK—' )T K -1 )}'&(TJ)}
1=1

p=i+11=0 p=i+l
r‘I|(Tv0)
r;(0)=0,
]I 311eCh U Janee |—| -3Hak T -menenws [1].

CootBercTBeHHO [I-n3o00paxenue i (2) mpuHUMAaET BU
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o(T,K)=R"N(T,K)*L(T,K ):iR(’l)(T,K —1)- LT ). ©)
1=0

Moaeabnbiii npumep 1. Paccmotpum matpuily

(sint +cost) 0
@(T ,t ) = . '
0 (sint +cost)
JUISL KOTOPOM OYEBUIHO
1/(sint +cost 0
o (T p)=| HENT e T=27
0 1/(sint +cost)

3/1ech U anee, OMyCTHB MEPHO | B MATPHUHBIX JUCKPETAX U MX DIICMEHTAX, a
TaKkKe HUCIONB3Ys NpsMmble IudepeHInalIbHO-MaKIOPEHOBCKUE TPpeodpa3oBaHus

(t, =0,H =1), umeem

@(O)ZB ﬂ @(1):{; 2},@(2):%{—01 _Ol}gb(g):%{—ol _OJ

@(4)=ﬂ; ﬂ @(K)=%¢(K_4>, K5

Matpunsr R(0),R(1),R(2),R(3),R(4) u L(0),L(1),L(2),L3), L(4)

COOTBCTCTBCHHO MMCIOT BU ]

10 10 —1/2 0 ~1/3 0
R(O){o J’R(l):{o J’R(Z){ 0 —1/2!}’R(3){ 0 —1/3!}’

R(4)=F/4! 0 };L(O){l 0},L(K){° g}weﬁ

0 1/4 01 0
CnenoBaTeNnbHO,
L(t){l o} R(t){(ut—tz/2!—t3/3!+t4/4!+--~) 0 }
0 1) 0 (L+t—t2 1 2% 1 314t ] A1)

Teneps Haiinem mMatpuiy, ooparHyto L(0). i1 ee ameMeHTOB MMeeM
-1 -1 -1 :
|£1 )(0) = €4 '|21(0)|:E1 + |§1 ) = e, 1=12

CnenoBaTensHO,
10
LM(0)= :
©-; 3]
a TaKKe
rll(o)rl(lil)(o)"_rlZ(O)r527l)(0):eljarZZ(O)rl(Zil)(O):ezjxj:l,Z,
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[EEN

0

R(D(0)= .

R(D(1) = [ !

o

(-1) (-1) (-1) (-1) 00
}L (D=L"7(2)=L""(3)=L""(4)= {0 0}’

}R(l( - {(1+1/2!) 0 }

0 0 (1+1/21)
(1/31-2/ 21— 0
R(M(3) = '
(1/ 31-2/21-1)
R4 = (—1/4!—2/3!+3/2!+(1/2! ) +1) 0 |
0 (17412731437 204(1/ 21 )7 + 1)

(-1) (1) (1) 0
o™ (0)=R™M(0)L'M(0)= [o J
CZ’('1)(1)=R('l’(l)L"”(OHR““(O)L(‘”(l):{_ol _011

@(71)(2): R(—l)(Z)L(—l)(0)+ R(fl)(l)L(fl)(1)+ R(l)(O)L(l)(Z):|:1+1/ 2! 0 :|

0 1+1/2]
@™ (3)=R™M ()L (0)+ RV ()L (1) + REI(DLP(2) + REV(0)ILM(3) =

{(1/ 31-2/21-1) 0 }

0 (1/3-2/21-1) ]
@™ (4)=RV ()LD (0)+R(B)LD (1) +REV(2)LD(2) + REDV(L)L(3) +
—1/41-2/31 I 1)2
RO (4= (C1ra2/3143/ 241/ 20 +1) 0 |
0 (c1/a1-2/3u3/ 2010 2 Y +1)

Ucnone3ys obpatHbie auddepeHraIbHO-MaKIOpEHOBCKUE MPpeoOpa3oBaHus,
MOJIYYUM

oT t):{(l—t+(l+1/ 2002 (11 31-2/ 2-0)° + (-1 41-2/ 343/ 241/ 20 )? +1)t*) :
’ O .

: 0
DAt (1417 20 +(1/ 32/ 2-1)° +(<1/ 41-2/ 3143/ 21+(1/ 2)? +1)t4)}

BoccTaHOBUB OpUTHHAI M UCIIONB3YsI IPU 9TOM oOpaTHble quddepeHnuanbHo-
naneeBckue [4] nmpeobpa3oBaHus, MOIYYUM TOYHOE COBIAJCHUE HCKOMOTO PEIICHHUS C
BBIIICTIPUBE/ICHHBIM aHAJTMTUICCKUM PeIICHHEM:
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243 /314t A Y1
ST 1) (L(L+t =12/ 243 1 34t /41 )+ ) 2 o3 4
0 (L1 +t =17/ 2143 1 314t / 1)
| 1/(sint +cost ) 0
B 0 1/(sint +cost ) |

MopeabHblii mpumep 2. PaccMoTpuM MaTpuity

(sint+cost) cost .
O(T,t)= , 17151 KOTOPOHt
1 0
0 1
QT t)= . T =2r.
1/cost (sint+cost)/(—cost)

Ucnonezys  mpsmbie  auddepeHnanbHO-MakIIOPEHOBCKHE MTPeoOpa3oBaHus

(t, =0,H =1), umeem

11 10 -1 -1 -1 0
@(O):L o}’ @(1):[0 0}’@(2):%[0 0}@(3):%{0 0}’

11 -1 (K4 L
Z{o o}' P(K)="= DK -4), K=5.

Marpuuer R(0), R(1),R(2),R(3),R(4) u L(0),L(1),L(2),L(3), L(4)

COOTBCTCTBCHHO MMCIOT BH/]

R(O):B 1%(1):[1 O}R(Z):[—llzl _1/2!}

D(4) =

-1 01 0 -1
1731 0 a4 -1/ 10
R(3){ 0 (2—1/2!—1/3!)}’R(4)=[ 0 (2/4!+2/3!—2)}’L(0)=L 1}’

0 0 0 0 0 0
L(l):|:—l 0i|iL(2):{(l+1/2|) 0}'L(3):{(l/3|—2) Oj|,

L(4){ 0 0}.
(2+1/ 2141/ 21%21-2/31-1/ 41) 0
Terneps Haiinem MaTpuiry, oopatHyto L(0). s ee ameMeHTOB nMeeM
1577(0) =6 1y (N +157 =6, j=12.

CnenoBaTeNnbHO,
1 0
LM(0)= :
() [_1 J

(0T (0)+ 1, (0)r5 M (0) =6y, 1, (0)r; V(0) =¢,;,j=12,

R(l)(o):[(l) _1]}’ R(l)(l):[—ol _OJ, R(l)(Z):{(l-‘-;/ 21) g},

31



_ 2+1/ 2141/ 21%1-2/31-1/41) 0
RCU(3) = (1/31-2) 0 ,R(_l)(4)= ( + + ) :
0 (1731417 21-1) 0 -2/ 4

(v |0 O oy 0 Ol (g 0 0
L (1)—|:1 O:|v|- (2)_|:(_1_1/2|) 0:|’L (3)_{(2—1/3') O:|,

1) 0 0]
L(4)= ;
(-2-1/21-1/21%2142/ 3141/ 4!) 0

(-1) _p1 (-1) — 0 1
@(D(0)=R(0)L (O)‘L _J,

&V (1)= RV (LD (0)+ R(l)(O)L(l)(l):B _oJ

@(—1)(2)= R(—l)(z)L(—l)(o)+ R(—l)(l)L(—l)(l)+ R(_l)(O)L(_l)(Z):{OOS 8}

@™M(3)=RV(3)LM(0)+ RV ()L (1) + REV(L(2) + REV(0)L(3) =

[ o 0
1(2-1/3) (-1+2/2042/3)]
@ (4) =R (0)+ RV (1) + RV ()L (2) + RED(L(3) +

0 0
RD0)L Y (4)= .
" (O)L(4) 7141 —2/4

Teneps, UCIIONIB3YS oOpaTHbIe nuddepeHInaTbHO-MaKJIOPEHOBCKHE

peoOpa3oBaHus, OIyYUM
1

_1 :
@ (T.t)= [1+21|t2+(2—1/3! )t3+Z|t4+--~] : (—1—t+(—l+1/2!+l/3! ) —jt4+--~]'

I7Ie IMEET MECTO COBIAJCHHE C TOYHBIM PEHICHWEM TOJIbKO JUISI ABYX JJIEMEHTOB
MepBON CTPOKH 3TOM MaTpHLbl. [ yBenMUeHHsI TOUHOCTH JIEMEHTOB BTOPOIl CTPOKH
9TOM MaTpULBl HEOOXOIUMO UCIIOJIb30BaTh 0OpaTHbIe AU (epeHIINanbHO-1a1eeBCKUE
[4] mmu gpyrue mpeoOpa3oBaHHsI.

IpakTuyeckas 3axa4a [5]. PaccMoTpuM ypaBHEeHHE MasiTHUKA, AJII KOTOPOTO

cos at sinat cosat -sinat/a
@(T!t): . ’ d)_l(T: )= . y O:
—asinat acosat sinat cosat/a

rae a - Kakod-To Kod(pQUUUEeHT, nanee A YHPOLICHUS pPacueToB HNPUMEM  €ro

paBHBIM 1.
Ucnone3ys mnpsmele  auddepeHnnaabHO-MakIOpEeHOBCKHE MPpeoOpa3oBaHus

(t, =0, H=1), umeem
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@(o):{é ﬂ, (D(l):{_ol ;},@(2):%{_01 _()1}’@(3):%{2 _01}

@(4)%{; ﬂ oK)= ok a), k=5

Marpuner R(0), R(1),R(2),R(3),R(4) u L(0),L(1),L(2),L(3),L(4)

COOTBCTCTBCHHO MMCIOT BHU ]

1o 0 1 “1/2 0 0 -1/3!

R(O){0 1},R(l){o 0}3(2){ 0 1_1/2!}’R(3){0 0 }
1/41 0 10 0 0 00

RM){ 0 (1/4!—2/3!+1/2!)}"‘(0){0 1}’L(1){—1 O}MZ){O 0}

0 0 0 0
I‘(3){(1/31—1/2!) o}"‘(‘l){o o}'

Teneps Haiinem marpuily, oopatayro L(0). Jlns ee aneMeHTOB morydanm
1 (0) =6y b (0157 +15,7) =€y, j=12.

CrnenoBaTeiabHO,
10
LH(0)= :
(0) {O J

a TaKxKe
ra(0)ri V' (0) + rlZ(O)rl(Zil)(O)=elj vrzz(o)rl(zil)(o)=ezj =12,

o [0 =1y 120 0 Ty .. [0 173
Ru)(o):{l o] R (1)_[0 o}‘R (2){0 (1/2!—1)}‘R (3)_{0 0}’

01 ’R(‘“(4)— (C1ram(aray?) 0 _
- 0 (~1/414273-17 204(11 20)?)]

s [0 0T 0 [00] Ly 0 0] (., . [0 O]
L (1){1 0}'L (2){0 0}’L (3){(1/2!—1/3!) 0}"‘ (4)_[0 0}’

10y~ RV D(0y=| T ©
@ 7(0)=R"(0)L (0)—{0 J,

@(71)(1)2 R(’l)(l)L(fl)(O)"' R(l)(O)L(l)(]_):B- _01}

@(*1)(2): R(fl)(Z)L(—l)(O)_i_R(—l)(l)L(—l)(l)+R(fl)(O)L(,l)(z): -1/2! 0
0o -1/

@ 1(3)=R(3)LD(0)+ REV(2)LI(1)+ REV(LLM(2) + REV(0)L M (3) =
[ o w3
-3 0 )

33



@M (4)=RI(4)LD(0)+RIBIL (1) +RT(2)L(2) + REV(L)LD(3) +
/4 0
0 14

Termeps, UCTIONB3YS oOpaTHbIE nuddepeHInanbHO-MaKIOPEHOBCKHE
peoOpa3oBaHus, IOJyYUM MaTpPUILY

o(T 1) = (-t 72m4t* 7a1—)  (ct+t®/31—) ] [eost —sint

’ (-t*/31+)  (@—t?/204t* J41—..)| " [ sint  cost |
KOTOpas IOJHOCTBIO  COBNAJAeT C  BbIMECNPUBEACHHBIMU  aHAJUTUYECKUMH
COOTHOUICHHUSMH, TIOJTYUYEHHBIMHU B [5].

3axioyenne. OueBUAHO, NPEANOKEHHBIH Jl-aHalor Jerko peanusyem
CpEeICTBaMH COBPEMEHHBIX HH(OPMAIMOHHBIX TEXHOJOTUII M 007ajgaeT BHICOKOIf
CTETIEHbIO YHUBEPCATbHOCTH.
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+ R<-1>(0)L<-1>(4):{

“PerymsipHas xaoTudeckas quHamuka”, 2000.- 368 c.

L(T,t)R(T,t)-

S.H. SIMONYAN, A.K. VASILYAN

D-ANALOGUE OF L(T,9)R(T,t) ANALYSIS FOR INVERSION OF PERIODIC
MATRICES

A simple numerical-analyitic method is proposed by which inverse matrix of periodic matrix is
determined.
Keywords: periodic matrix, differential transforms, inverse matrix, information technologies.
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C.0. CUMOHJH, M. . TAMA3AH

J-AHAJIOT L(yU(t)- PA3JIOKEHUSA JJI51 OBPAINEHUSA
HEABTOHOMHBIX MATPHUI

[peanaraercss AOCTATOYHO MPOCTOM YHMCICHHO-aHATUTHYCCKHNA METOJ OIpPEACICHHS
00paTHBIX HEaBTOHOMHBIX MATpHI, OCHOBaHHBIH Ha IU(HEpEeHINANTBHBIX MPEoOpPa3oOBaHUSIX
I'.E. Ilyxoga.

Knrouegvie cnosa: neasronomuas marpuia, L(t)U(t)- pasnoxenue, muddepeHimansabie
npeoOpa3oBaHus, oOpaTHas MaTpHLA, HHGOPMALUOHHBIC TEXHOIOTUH.

1. L) U(t) — pa3aoxeHue 11 00pamieHnsi HEABTOHOMHBIX MaTpPHII.
IMycts marpuiry A(t) MOKHO NPEICTABUTH B BHIIE
A(t) = L(OU(), (M
roe L(t) — mmxaerpeyrompuas matpuna; U(f) — BepxHeTpeyroibHas MaTpulia C

SIUHUALAMHU Ha IJaBHOW JHArOHAIH.
[lo awmamormm c LU- pasnoxenwem [2,3] nAns aBTOHOMHBIX — MaTpHII
npenacrasienue (1) mazosem L(t)U(t) - pasnoxxenuem matpuist A(t).
N3 (1) oueBngHO
AT =U"OLTO. @
He BmaBasice B  MOAPOOHOCTH,  MPEICTaBUM  COOTBETCTBYIOIIYIO
MOCJIEIOBATEIBHOCTD BEIYHCIUTEIBHBIX ONepanuii At oopainenus: MaTpuiist A(t).

Hlar 1. PaccunThIBalOTCA HEU3BECTHBIE JIEMEHTHI IIEPBOTO CTOJIOLA MaTPHLBI

L(1):
Lia(t) = A, (0. =1.n. 3
[Har 2. PaccuuThIBalOTCS HEU3BECTHBIE AJIEMEHTHI MEPBOM CTPOKH MAaTpHUIIBI

u(t) :
Uy =AML, L) #0,j=1n. 4

[ar 3. PaccunThIBalOTCS HEU3BECTHBIE 3JIeMEHTHI K-ro crombra marpuis L(t):
k-1 _
Li®) = Ap®- D Lij0OU (1), 1<k<i, ik=2n.  (5)
j=1
[Iar 4. PacCunTHIBAIOTCS HEU3BECTHBIE DJIEMEHTHI i-ii cTpoku Matpuiibl U(t) :

Ui’k(t)z(A’k(t)—iLi’j(t)U COVLM), k=i>1, ik=2n (6)
j=1

VunreiBas, uto A()A ™' ()=E, rae E - eamnnunas marpuua [4 ,5], momydnm
HIDKETIPEACTAaBICHHBIC CUCTEMBI, T.e. obparhbie K L(f) u U(t) marpuisr  ompemenum
METOIOM MOCIIEI0BATEIBHOTO UCKIFOUSH ST HEM3BECTHBIX.
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IMockonbky L(t) - HuxHETpEyroNbHAsS MATPULIA, TO M €€ j-To CTONOLA MMEEM
Ll,l(t)Lil,j(t): €
L, () Lllj O+ Ly,(1) LQI] (H=¢e,;,

Lo (OL, 0+ L0, 0+ L)L 0+ + L (L 0)=e,;,

0

rue

i.j

B l,ecnm i=j,
~|0,ecnm i # j.

3HayeHue Ll’i (t) MOXHO HalTH HEMOCPENCTBEHHO, T.C. L[Jl (1) =ey; / Ly (D).

—1 v
3uas L (t), u3 BrOporo ypaBHeHust cucTeMbl (7) MOKHO HalTH

L350 = (e2; ~ Lu®L O L2200
IMoxcraBuB B TpeThe ypaBHenue (7) IBa HaMICHHBIX 3HAYCHUS Li%j(t) u L'zlyj(t),
Oy MM
L_31,j 1= <e3,j — (L (1) L_ll,j -+ Lsz(t)L_zl,j (t)))/ L35(®).
B o6mem crydae Uit HaXOXKIECHHUS L}ylj (t), moncraBuB HalifeHHbIE 3HAYEHUS

L}E(t),L'zlvj(t),...,L}_ll’j(t) B i-¢ ypaBHECHHE, IOy UHM

i-1 - o
Lit) = [ei,j -3 Li,k(t)l_'k%j(t)]n_i,i(t), i=1n, j=1n. (8)
k=1

Amnanornuno, nockoneky U(t) - BepxHETpeyronpHas MaTpUIa ¢ eAMHUIAMH Ha
[JIABHOM JMArOHAJIHM, TO JJIA €€ j-ro crondua OyneM UMETh
q a 1
U l,j(t) +U 12(t)U2,j(t) +o+ Uy (YU n,j(t) =€,

UL+ +U, U 0 =6, o

Ur—]’lJ (t) = en‘j .

OTcrofa MocnenoBaTeIbHO MOYXKHO HAaWTH 3JEMEHTHI Urfj(t),Urfl’j(t),---,Uﬁ(t),

T.C.

U nlj = €
U r_1-ll,j (t) = en—l,j -uU n—l,n(t)U nlj (t)!
U r_1:-L2,j (t) = en—Z,j - (U n—2,n—1(t)U r_1:-L1,j (t) +U n—2,n(t)U n]] (t))a

Wiy, B o0IieM ciydae,
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Uity =e; - ZU,k(t)UkJ(t) i=nlj=1n. (10)

k=i+1
2. J-ananor L(t) U(t)—pa3noxenus 1js o0paleHnsi HEABTOHOMHBIX MATPHUIL
[lar 1. PaccuuThIBarOTCS HEU3BECTHBIC 3JIEMEHTHI TIEPBOTO CTOJONA MATPHIIBI
L(K):
Lia(K) = A(K)i=1n. an
Hlar 2. PaccuuThIBalOTCSI HEU3BECTHBIE JIEMEHTHI NEPBONM CTPOKM MAaTPHILIbI
U(K):
U 1,j(K) = A:L,j(K) - L1,1(K) =

= [Ai,j(K)'ZK:ULj(K - |)L1,1(|)J/L1,1(0)' L,,(0) 0= 2_:n
=1

(3aMeTnM, 9TO 311eCh U Jajiee ~ - 3HaK T— meneHus [1]).
[ar 3. PaccrH/ITLIBaIOTCﬂ HEM3BECTHBIE 3J1eMeHTHI K-To cTos61a MaTpuisl L(K):

k-1 K
L (K) = A (K) - ZL. JKFU(K)= A (K) = D L (DU (K1), 13
j=11=0

(12)

l<k£|,|,k:2,n
(3amerum, 4TO 31eCh U nanee * - 3Hak T— ymHOXeHHs (cBepTka) [1]).
[lar 4. PaccuuThIBaIOTCSI HEU3BECTHBIC dIIEMEHTHI I-i cTpoku Matpuubl  U(K):

U i,k(K) = (Ai,k(K) - i Li,j(K)*U j,k(K)) - Li,i(K) =

= (A (K) - ZZ Li;(@U ;, (K-9))- ZU.k(K DL ())/L;;(0), (14)

j=19g=0
L,,(0) #0,ik=2nk>i>1
CootsetctBeHHO JI-n300paxenusmu (8) u (10) OyayT

L%:,—“(K)=(ei,,-(K)—ELi,k(K)*L&?(K)} Li,i(K){(ei,j(K)—iz L (LD (K- I)]
k=1

k=1 1=0

. (15)
_zu ”(K—I)L,,(I)}/L (0),4;(0)%0, i=1,nj=1n,
UG =e,(K)— YU, (KUK =e, (K)- ZZU.k(g)u<”(K N
k=i+1 k=i+1g=0

i=nLj=Ln
[Ipu mocnennux coorHomenusx (15) u (16) coorsercTBeHHO [I-n300parkeHneM
(2) Oyner
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K
AT(K) =U K)AL(K) = 3 U DOLD(KD, (17)
1=0
-1
rme U (K) u L ( K) -K-e marpuunbie muckpers: oGparusix Matpun U (t) u
L (1), Ho He obparnsie Marpuubl K-bix Matpuunsix muckper U(K) 1 L(K). lamee
opuruaan A™(f) MOXKHO BOCCTAHOBHTH B COOTBETCTBHH C IHOOBIM OOPATHBIM

T epeHITATBHBIM ITpeoOpa3oBanueM [1].
3ameuanue.
U3 (1) oueBuaHO
d(t)=det(A(t))=det(L(t)) det(U(t)). (18)
IMockonmbky U(t) - BepxHeTpeyronpHas MaTpHlla ¢ €AMHUIIAMH HA TJIABHON
nmaronanu, To det(U(t) )=1, nostomy

d(t)=det(A(t))=det(L(t)). (19)

U nockounbky L(t) - HIKHETpEyronbHas MaTpHLa, TO

d(t=det(A®)=] ] L0 0)

CootBerctBeHHO JI-nzo0paxenuem (20) Oyner

d(K)= D Lyy(iy),u(iy).. Loalin). 1)

i,ip,.. i =0
I+l +.. +i,=K

MogaeabHblil npuMep. PaccMoTpuM ClieyIonyo MaTpHILy:

1 0 1
Ay ={t+2) 2 (t+2)]"
t+2) 0 1

Tenepps Bocnonb3yemcs auddepeHuaabHpIMU TPeo0pa3oBaHUsAMH, B KOTOPBIX
OPUTMHAN  PAa3bICKMBAETCSI B  BHJC JAPOOHO-PAlMOHANBHOW  (YHKIHH, T.C.
muddepenmanbHo-nageeBckumMu mpeodpazoBanusamu (I - nmpeobpasosanust). [lpu
9TOM alIpoKcUMHUpyomas (yHKIMA M[PeNCTaBseTcss B BHAE OTHOIIEHHS MABYX
CTETICHHBIX TOJMHOMOB M 00JaJaeT paauycoM CXOAWMOCTH, PaBHBIM pPaIuycy
CXOAMMOCTH COOTBETCTBYIOMIETO psina Teimopa [1].

Hanee BospmeM p(1) =0,H =1,t, =0 [1].

Ucnonezyst popmyner (11) — (14) nns BeIYHCIEHUS] MaTPUYHBIX JHCKPET,
MOy UM

o

10 0 0 0 -
L =2 2 ol Lta=l1 0 of LK=[OLK=2%0;
2 0 4 10 -1

38



o O
o - O
= O K

u() = {

Hanee, ucnions3ys hopmynsl (15), (16), umeem

1 0 0 0 00 00 0
LD0y=|-1 12 0, L@ =|-12 0 0, LY®2=|0 0 0
10 -1

]’ U(K) = [0], K =1,00.

2 0 -1 -1 0 1
10 -1
UD@©0 =0 1 0 [ UPK=[0]K=1~.
00 1

Ucnone3ys mnpencrasinenne (17) pans BBIYMCICHUS MATPUYHBIX JUCKPET
-1
Mmarpuisl A - (t), momyaum
100 1 1 0 -1 10 -1
AYOY=|-1 12 0|, A®P@)=|-12 0 0|, AP@=|0 0 0]

2 0 -1 -1 0 1 1 0 -1

[pencraBum pesysbTaThl BEIYUCIEHHH KodpuumuenToB pasnoxkennii Ilane b,

p=0,1 u a,, m=0,1 qus Kaxk1OTo U3 FNEMEHTOB MaTPHUIIbI ACY (t) (rabma.lwu?2).

Tabnuua 1 Tabnuua 2
_ i 1 2 3 j 1 2 3
i i
b,=1 |by=1 |b,=1 a,=-1 |a,=0 a,=
1 b,=1|b,=0 |b =1 1 a,= a, = a,=
by=1|by=1 |b,=1 a,=-1 |a,=05 |a,=0
) b,=0 | b,=0 | b,=0 ) a,=-05|a,=0 a,=0
bo= b():l b0= 3.0:2 a0:0 aoz'l
3 b,=1 |b,=0 | b,=1 3 a;=1 a,;=0 a, =0

CrnenosatenbHo, oOparHbie [AI1-nipeoOpazoBaHusi B COOTBETCTBUU € Ta0u. 1 u 2
MPUBOJAT K CICAYIONIEMY BUY:

R S
t+1 t+1
Al = | - % 05 0
tv2 1
t+1 t+1
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B abcomioTHONW TOYHOCTH HOHy‘ieHHOﬁ MaTpuibl MOXHO YAOCTOBEPHUTLHCA

cronb3oBanneM coorromennit A)A ' ()=E u A~ ()A(t)=E.
MpakTnyeckas 3amadya. OmmbKa OTCIHEKHMBAHHMSA JHHAMHUKM ABTOINMJIOTA
naercs ypasaenuem X(t) = A(Dx(t)+ B(t)v(t) [6], roe

a ) 1
A= L‘z,l(t) az,z(t)} '

B(t)- mexkoropas matpuua ympaBuenusi; X(f) - ommOka OTCICKHUBAHUS JUHAMHKH;
V(t) - ympaBisiroImnii mapameTp.

Tpebyercs Haiiti 06parnyro matpuiy k A(t) 1 onpenenutens marpuist A(t).

PaccMOTpHM ClenyIOIIy 0 KOHKPETHYIO MaTPHUILY:

(t-1) 1
At) = .
® {(t2 ~1) (t+2)

Janee Bossmem p(T)=0,H =1t, =0 [1].

Ucnonezyst popmyner (11) — (14) st BEIUMCIEHUST MAaTPUYHBIX TUCKPET,
MOy 4UM

L<0)=[j ﬂ L(l){; g} L(2):ﬁ ﬂ L(K) = [0].K =3,

oy ) e

[Hanee, ucnionszys popmynst (15), (16) , umeem

[ e[ o[ 5

0 0
U (-l)(O) — [;‘ i}’ U (-1)(K) — {O 1}’ K :1,00.

00

Ucnonezyss  mpencraenenue (17) mIst BBIYMCICHHS MATPUYHBIX JUCKPET
MaTpuLbl A~(t) , TOITYYUM

W |2 1 W -3 1 W |73 1] K=2w.
A (O){_1 J, A (1)_{ L 0}, A (K)_[O 0}, o

O6paraeie  [AIl-mpeoOpa3zoBaHuss IPUBOAAT K CICAYIONIEMY TOYHOMY

PeIICHHIO:
tv2 1
AT =] t-1 t-1|

—-(t+1) 1

Hcnons3ys (21) mis HaxoxkaeHUs onpeneaurelis MaTpuisl A (t), momyduum
d(0)=-1, d(1)=1, d(K)=0, K =2,x0.

Ob6parnsie JI1-npeobpa3oBanust MPUBOAAT K CIEAYIOLIEMY:

d(t)=t-1,
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4TO U JOJDKHO OBLIO OBITE.

3axiaoyenne. TakuM 00pa3oMm, peIIeHHE pacCMaTpUBaeMOH HENpPEpBIBHOMN
3a7a4d Ha IEPBOM JTale BBIYMCICHHH (PAKTHUECKH CBOIUTCS K HAXOXKICHHUIO
penIeHuil HEKOTOPOH ITOCIENOBATENIFHOCTH psAda IUCKPETHBIX 3aad Ha OCHOBE
MIPUMEHEHUS MIPSIMBIX JuddepeHInanTbHbIX npeoOpa3oBaHUH, JIETKO
OCYIIECTBISIEMBIX C HCIIOIB30BAHUEM COBPEMEHHBIX HH()OPMAIIMOHHBIX TEXHOJOTHH.
Ha BTOopoM 3Tame BBIYUCICHUH OCYIIECTBIISETCS. BOCCTAHOBICHHE COOTBETCTBYIOIIETO
MaTPUYHOIO OpUTHHAJIAa Ha OCHOBE IMPUMEHEHHUs OOpaTHBIX IupdepeHInaTbHBIX
npeobpasoBanuii [lane nmm qpyrux o6paTHEIX U PEepeHITHATEHEIX TPEOOPa3OBAHIH.
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L(t)U(t)- -

» LOU- :

S.H. SIMONYAN, M.J. TAMAZYAN

D-ANALOGUE OF L@®)U(t) FOR INVERSION OF
NONAUTONOMOUS MATRICES

A sufficiently simple numerical-analytic method for determining inverses of
nonautonomous matrix based on Pukhov’s differential transforms is proposed.
Keywords: nonautonomous matrix, L(tf)U(t)- decomposition, differential transform,

inverse matrix, information technologies.
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A.A. TEP34H, JI.T. OFTAHHUCAHAH, A.D. AKOIISIH, A.A. TEBOPI'SIH

K CO3JAHUIO CAIIP DJIEKTPOMEXAHUYECKHUX CUCTEM JJIA
PABOTHI B PACIIPEIEJIEHHOM BEIYMCJIUTEJIBHOM CPEJIE

JlaeTcst ompcaHHE CHCTEMBI KOJJIEKTHBHOTO aBTOMAaTH3MPOBAaHHOTO IPOEKTHPOBAHUS,
BKJIIOYAIOIIEH MOJCUCTEMBI PEIICHUs] ONTUMU3ALUOHHBIX 3a/1a4 3JICKTPOMEXaHUKU U KPaeBbIX
3a7a4 IByMEPHBIX M TPEXMEPHBIX MarHUTHBIX mojiel. CrcTeMa B KauecTBE BBHIYMCIATEIEHOTO
pecypca HCHONB3yeT MHOTONPOLIECCOPHYIO BBIUHMCIUTENBHYIO Cpely KJIACTEepHOH apxu-
TEKTYPBI, B CBS3H ¢ 4eM 001a1a€T 00JIbIION BHIUMCIUTENBHON BO3MOMXKHOCTBIO.

Kniouesvle cnoea: aBTOMaTU3UPOBAHHOE NPOECKTHPOBAHUE, MapauleIbHbBIEC AITOPUTMBI,
BBIYHCITUTEIIBHBIN KIIACTep.

Beenenune. IlomyunBmie B mocienHee BpeMs  IIMPOKOE PacHpoOCTpaHEHHUE
MHOTONPOLIECCOPHBIE CHCTEMBl KJIACTEPHON apXUTEKTYphl IO3BOJISIOT B 3HAYH-
TEJIBHON CTENEHH YCKOPUThH IPOLECC U YBEIUYUTh TOUHOCTh PEIIEHHs CIOXHBIX 3a-
nad, a coznannas B Apmennn Grid-undpactpykrypa [1] nenaer ucmnonb30BaHne TaKUX
CHCTEM JIOCTYIHBIM UIS TMPAKTHYESCKH JTFOO0T0 3aMHTEPEeCcOBaHHOTO WHxkeHepa [1,2].
OpHako [uis pabOTHl alrOPUTMOB B MHOTOIIPOIIECCOPHBIX CHCTEMaX HEOOXOquMa MX
a¢dexTUBHAA MapajuleNn3alysl, 4TO SBJSAETCS CIO0XKHOM 3amadedl Kak c MaTema-
TUYECKONM TOYKM 3pEHMs, TaK M C TOYKHM 3pEHHUs mIporpaMmupoBaHus. Jlomoi-
HUTEJbHAsA CIIO)KHOCTh B HCHOJB30BAaHHM ITHX PECYpCOB U MHXKEHEpa BbI3BaHA
TaK)Xe MPAKTUIECKUM OTCYTCTBHEM CIICIUAIN3UPOBAHHBIX JAPY>KECTBEHHBIX HHTEp-
(eiicoB paboThl Ha KJIaCTEpax MPU NPOEKTUPOBAHUH DIIEKTPOMEXAHHUECKHX CUCTEM.

TpaguroHHBIE YEITOBEKO-MAIIMHHBIE CHCTEMBI TTOPa3yMEBAIOT MCIIOJIb30BaHUE
WHIVBUAYAIbHBIX HABBIKOB M OINbITa IMPOEKTHPOBIIUKA U MPU YCIOKHEHUH IPOEK-
TUPYEMBIX 00BEKTOB CTAHOBATCS ManodPPeKTUBHBIMU. OTHUM U3 PEUICHUH SBJISCTCS
CO3JaHKe BUPTYaJbHOM Cpelbl MPOSKTUPOBAHUS C YAAJIEHHBIM KOJUIEKTUBHBIM JOCTY-
oM. OTa BUpTYyaJlbHasl Cpea MO3BOJIAET MPOSKTUPOBLIMKAM OOMEHUBATHCS PE3yJib-
TaTaMH PAcyeToB M, YTO 0OJe€ BaXKHO, “BECTH NUANOI” B PEXKHUME KOJUICKTUBHOTO
IIPOEKTUPOBAHMUSL.

Co3pmaHHasi cucTeMa UMEET MOJCHCTEMBI Uil paboThl ¢ MaTeMaTHYSCKHUMU MO-
JENIMH TIPOEKTUPYEMBIX OOBEKTOB (DIEKTPUUYECKUX MAIIMH U aIllapaToB), MOIYJIH
TIOCTPOCHUSI IByMEPHBIX M TPEXMEPHBIX MOJIENed MarHWTHBIX LENeil M pemeHHs
HEJIMHEWHBIX KpaeBbIX 3aJad MarHUTHOrO Mojs. B KkayecTBe BBIYMCIUTEIHHOTO
pecypca crucTema HCIoJIb3yeT MHOTONPOLIECCOPHYIO BRIYMCIUTENBHYIO CPEy, B CBA3H
C 4eM OHa 00JiafaeT OOJBIION BHIYUCINTEIBHON BO3MOKHOCTBIO M OCOOEHHO MPHBJIe-
KaTellbHa JIJIs pellieHHs CJIOKHBIX 331a4. BerpoeHHas mojiepikka oOIeHus 1 ooMeHa
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uHpopMaleld MEXAy HPOSKTHPOBIIMKAMHU IPH3BAHA MOBBICHTH 3(P(EKTHBHOCTDH
KOJJIEKTHBHOTO TPOEKTHPOBAHUs, IO3BOJSS BBHIOPATh ONTUMAIbHOE pEIICHUE H3
BCETrO CIIEKTPa BO3MOXKHBIX PEIICHUIA.

OCHOBHBIE KOMIOHEHTHI CHCTEMbI H B3aHMOAEHCTBHE ¢ BHIYHCIUTEIbHBIM
KJIactepoM. PaccMoTpuM QyHKIIMOHATBEHYIO cXeMy cuctembl (puc. 1). B Gnok-cxeme
MIPE/ICTAaBICHB OCHOBHBIE KOMITOHEHTHI CHCTEMBI M CXeMa MX B3amMmozehcTBus. [lox
0JI0OKaMU TPSMOYTOJIBHUKOB MPEACTABICHBl ANTOPUTMBI U METOJBI, MOJIOXKECHHBIE B
OCHOBY JTaHHOM TTOJICHCTEMBI.

ITogcucrema TpexmepHOTO Mopnyib AByMepHOIo Mojie-
MOJEIHPOBAHHS MarHUTHOTO JINPOBAHUSI MATHUTHOTO
TIOTIs noss

E_'-I_QH E]

o =

ANrOpUTMbl TPeEXMepHoii ANropuTMbl TPHaH-
TPUAHTYNALMN U peLle- rynALMN 1 pelleHns 3afay
HMA 3a7a4 TPeXMepHOro MarHuTHOro nons

MarHuTHOro nons
Monyns SSH
>
obecrieueHust
»| pabotsl ¢ Grid-
uH¢pa- D EEEE——
CTPYKTYpOH Sftp
A
Jlo6aBenue HOBO Toncucrema pete- Unrepdeiic GRID -

HUA ONITUMHU3ALIA-
OHHBIX 3a1a4

uH(pPaCTPYKTYpBI

MareMaTH4eCcKOH
MOJEIHN B CUCTEMY

A 4
|

ISR = =

MapannenbHble anro-
PUTMbI peLLEHNa ONTn-[—

MW3aLMOHHbIX 3a4a4

Puc. 1. dyHKUMOHaA/IbHAsA CXeMa CUCTEMbl aBTOMATU3MPOBAHHOIO NMPOEKTUPOBAHUA
3NeKTooMexXaHU4YeCcKux CUCTEM

OCHOBHBIMU AITOPUTMAaMHU B IOACUCTEMAX SABJISIOTCS IapajuleNbHbIE alllOPUTMBI,
MMO3TOMY BCE IMOJICUCTEMBI UMEIOT JIOCTYTI K MOJYJI0 obecrieuenus cBsi3u ¢ Grid-uH-
(dpactpykrypoit. DTOoT Moaynb 4epe3 mpoTokon SSH monkmouaercs k uHTEpdEiicy
Grid u BXOAWT B HEro, HCIONB3YS JIOTWUH M MAapoib JNAaHHOTO IOJIb30BATEIS.
OCHOBHBIMH  OOSI3aHHOCTSIMH MOZYJS sBIsitOTCs reHepanus ¢aiina JDL  (Job
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Description Language, g3bIKk onucaHus 3a/1a4i), 3allyCK 3aJa4il U NOJTy4YeHUE pe3yJib-
TaToB pemieHus. CUUTHIBAas W3 CTEHEPHPOBAHHOTO (aiina 3ampammnBaeMble Pecypchl,
unTepdeiic Grid-uHPpPacTpyKTypsl HAXOAMT B JOCTYIIHOM MPOCTPAHCTBE COOTBET-
CTBYIOIIMH KJIACTEp W 3aITyCKaeT pelleHue 3a1a4u Ha HeM [2]. Moaymb CBSI3U Takke
OTBEYAeT 3a OTCIIEKHMBAHUE XOJIa PEILICHHUs 33/1a4M U MPeJoCTaBlIeHHe HH(POPMALIUH O
HEM I10JIb30BAaTEIIIO.

Cucrema
MPOEKTH-

poBaHUs

Grid-
uHppacTpyKTypa

Cucrema
MPOEKTH-
pOoBaHHS

OOmMeH cooOIeHHsIMA ¥ HH(pOPMAIIHEH MEX Ty
CHCTEMaMH TPOEKTHPOBAHHUS

Cucrema
MPOEKTH-
pOBaHHs

Puc. 2. CxemaTwueckoe NpefCcTaB/eH/Ne B3aMMOCBSA3Y 0T Ae/bHbIX 3K3eMMNNSIPOB CUCTE-
Mbl 1 X B3ammogelicTaune ¢ Grid-nHpacTpyKTypoi

Ha pmc. 2 nmpencraBneHa yCJIOBHAas CXeMa MOAJCPKKH — YAAICHHOTO
KOJIJIEKTUBHOTO MPOEKTUPOBAHUS B paclpeaeieHHoN BerauciutensHol cpene (Grid).
OTnenbHbIe SK3EMIUIIPEI IPOTrPaMMBbl IMEIOT BO3MOXKHOCTh HE3aBUCUMOTO JIOCTYIIA K
Grid. CBsi3b MexXy MPOSKTUPOBIIMKAMH oOecrieunBaeTcs yepe3 cepBepbl Google mo
nporokony XMPP ¢ ucnons3oBanmem Ombnmumoreku jabber.net [3]. JlaHHBIA mOaX0x
MO3BOJISIET KCIIONIB30BATh YueTHbIe 3anucu Google mist paboThl B cucTeMe.
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Kaxnprii s1eMeHT Ha puc. 2 ¢ HAANUChIO “‘cHUCTEMa IPOEKTUPOBAHUS™
HOpPEeACTAaBIICT COOOH OTHCHBHBIM 3K3EMIUIID CHCTEMBI, IPUBEACHHOW B BHUIE
YCIIOBHOI! cXeMbI Ha puc. 1.

IHoacucrema nojep kKU pelieHUs ONTUMHM3ALMOHHBIX 3aAa4. B cucrtemax
aBTOMATH3UPOBAHHOTO IPOEKTUPOBAHUS 0COO0E MECTO 3aHUMAET IIOUCKOBAsI ONTUMH-
3amug [4,5]. OnTtuManbHOE POSKTHPOBAHHUE CIIOXKHBIX AIIEKTPOMEXaHUYECKUX CHUC-
TEM CTAJIKUBAETCS C PSIOM CIIOKHOCTEH, CBSI3aHHBIX C HEJIMHEHHOCTBIO 33/1a4l, MHO-
TOOKCTPEMATBHOCTBIO IENICBOH (DYHKIMM, TaK Ha3bIBAEMBIMH “‘OBPa)KHBIMH CH-
TyarusMu” U 1p. Pemennto 3Tux npo6ieM HOoCBSIIeHb! paboTs! [4-7].

B pamkax naHHOM pa0®oThl pa3paboTaHbl W pEANM30BaHBl  MNapaijeibHbIe
BapUAaHTHI PSJa ITOUCKOBBIX ATOPHTMOB, TAKUX KaK alTOPHTMBI CIIy4alHOTO IIOHCKA,
rpaJlieHTHbIEC, TeHETUYECKHE aNrOPUTMBI [5-7].

B cucreme umeercs psaj NpenonpenesieHHbIX MOJEIeH IEKTPUYECKUX MallluH
u anmnaparos. Ilocie BbIOOpa COOTBETCTBYIOLIEH MOJENHU CIEAyeT 3alaTh BXOJHbBIC
3HAUCHMS, HEOOXOAMMEBIC IS pacdeTa, a TakKe MHHUMAJIBHBIE M MaKCHMAaJbHBIC
3HAUEHUS BAPbUPYEMBIX IEPEMEHHBIX, LIENEBYI0 (QYHKINIO U OrpaHUYeHus (puc. 3).

55k optnizarion algorinm. it DL D o Bt hiBnd = aomml (SRR

: Gaitn - Matematiueckan mogens ~ MeToan onmummsanm -

a2l Pacuerheie ganribie rnaporerepatopa =] Bapenpymsie Beanunrsl
HomunansHsie nasHsie | Cepaeunik Cratopa | Mimyicrop | OBmomn

R

w o B
o
iiﬁ

=

I all =

w

far

Puc. 3. OnpegeneHne onTUMU3ALMOHHOI 3aa4u Ha NPUMEPE CUHXPOHHOTO
SIBHOMOMOCHOTO reHepaTona

s obecrieueHrs: OTKPBITOCTH TOJICUCTEMBI B CUCTEME UMEETCSI MOAYJb IOJ-
JIEPKKW OMPEIEIICHUS] HOBBIX ONTHMHU3ALMOHHBIX MOJENIEH, MO3BOJSIONINA 337aBaTh
MaTEMaTHYECKYI0 MOJIEh HCCIIEyeMOTr0 OOBbEKTa B IMOCTAHOBKE ONTHMH3AIIOHHON
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3a1add B BHJE (aiiia koma Ha s3eike C/C++ ¢ pacimpenueM *.h. J{ns onpenenenust
HOBOHM ONTUMH3ALMOHHOW MOZETH MOJb30BaTeNb NOJKeH 00nagath 0a30BBIMH 3Ha-
HUSAMH s13bIka C++, TOora Kak Ui UCHOJIb30BaHMs yKe ONpeNesIeHHbIX MOJENel OHU
He TpebytoTcs. CieoBaTeNnbHO, €CIIN B TPYTIe pa3paboTINKOB MMEETCS HHXKEHEpP C
COOTBETCTBYIOIIMMHM  HAaBbIKAMH, TO MOJENb, ONpEAeJICHHas MM, MOXeT
HCIIOJIb30BaThCA APYTMMHU YIEHAMU IPYIIIBL.

Monynb ompeneneHuss HOBOM Monenu (puc. 4) UMeeT BCTPOCHHBIH pelakTop
koza Ha s3bike C/C++ ¢ moAcBeTKON CHHTaKCUCa, YTO 3HAYUTENIbHO objerdaer Habop
monenu. Bo Bpems Habopa Koia cucTeMa MpOBEpseT HaIWMYhe HEOOXOIUMBIX
9JIEMEHTOB B peXuUMe peasbHoro BpemeHu. [locie Habopa coBepluaeTcs npoBepka Ha
COOTBETCTBHE TPEOOBAaHMSIM AJITOPUTMa M HA HaJIMYHE CHUHTAKCHYECKUX U MPOYUX
oMOOK (KOMIMINPYEMOCTh). ['0TOBYI0 MOAENb MOXKHO COXPaHHUTh B CHCTEME JUIs
MOCIIEAYIONNX ONTHMH3AIMOHHBIX PAacYeTOB W HCCIIEJOBAHWN, @ TAKXKE OTIIPABHUTH
JOPYTUM yYaCTHUKAM MPOEKTHUPOBAHMUSL.

| == SampleEditor

File Edit Tools Help

0 & | % 22 @ | Mark Underline Zigzag Clear Markers @)
i 3

10 ap a0 50 @ o

{ @.63, .77 },
{ @.51, @.63 },
{1.35, 1.65 },
{2.8, 3.8} I

D e D)
Sidouble xRange[1[2] = {
= { 381, 465 },
= { ©.616, 0.754 }, Hanwae @yruam Q e
=B { e.652, 8.798 },
= { 8.49, .61 },
= {112, 138 },
L {10, 10}, Hanwave snementa xRange

lMposepiTe Ha TReGosaHMA anropuTMa |

const double awa[][17] = {
{0.89,8.91,6.93,0.94,6.96,0.95,1.00,1.62,1.04,1.06},
{1.68,1.10,1.13,1.15,1.18,1.20,1.22,1.24,1.26,1.28},
{1.31,1.34,1.36,1.39,1.41,1.44,1.47,1.50,1.53,1.56}, I

——

= {1.59,1.62,1.66,1.69,1.72,1.76,1.58,1.83,1.86,1.98},
= {1.94,1.98,2.01,2.94,2.98,2.12,2.16,2.29,2.23,2.27},
= {2.31,2.35,2.39,2.45,2.458,2.52,2.55,2.68,2.65,2.69},

= {2.74,2.79,2.84,2.89,2.95,3.90,3.05,3.11,3.18,3.23},
= {3.32,3.35,3.44,3.51,3.57,3.67,3.74,3.52,5.99,3.95},
= {4.10,4.18,4.26,4.35,4.44,4.55,4.66,4.75,4.57,4.98},

= {5.89,5.21,5.33,5.46,5.58,5.72,5.85,6.08,6.15,6.35}, - Booon

< i, »

Puc. 4. Mogynb onpefieneHns onTyVMW3aLOHHON 3aaun

Ha nepBomM 1mare perieHus 3aaud HEOOXOAMMO BHIOpPAaTh MOAENb, I KOTOPOH
Oyzer pemarbcs 3agada. BeiOpaHHass MoOJenb MOSBUTCS BO BCTPOGHHOM pelakTope,
YTO JJaeT BO3MOXKHOCTh BHECCHHS B HEEC U3MCHEHHI.

Ha mocnemHemM miare 3agaloTcsi KOJIMYECTBO MPOLECCOPOB H  APYTHE
HEOOXOIUMbIe JaHHbE B 3aBUCHMOCTH OT BbIOpaHHOro anroputma. Ilpu BeiGope
MapayieNbHOr0 TPaJUeHTHOTO AITOPUTMa KOJIMYECTBO HEOOXOAMMBIX IMPOLECCOPOB
(simep) B TOYHOCTH COOTBETCTBYET KOJIMYECTBY BapbUPyEMBIX NepeMeHHbIX. Jlns
TCHETHUYECKOTO allTOpPUTMa M aJrOpuTMa CIyYalHOTO IOMCKa CHUCTEMa, aHaTH3HPYS
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KOJINYECTBO JAAaHHBIX, YYACTBYIOLIMX B MEXKIIPOLIECCOPHOM OOMEHe (BpeMms, TepsieMoe
Ha MEXIIPOLECCOPHBI OOMEH), W CIIOKHOCTh pacdera LeneBol (YHKUUHU (Bpems,
KOTOPOE BBIMIPHIBAETCS MpPU TNapajuIeIbHOM CuYeTe), JaeT pPEeKOMEHIAaluu Ui
ONTUMAJIBHOTO KOJHMYECTBA IMPOIECCOPOB C IMENBI0 pEIIeHHS JAHHOW 3a/laud
yYKa3aHHbIM MapajuieNibHbIM anroputMoM. Ilomyudaemass Takum 0O0pa3oM OILICHKa
MPUOJIM)KEHHAa M 3aBUCUT OT OBICTPOAEHCTBHSA INPOLIECCOPOB U IMapaMETPOB CETH
KJactepa (CKOpOCTh Mepeaay JaHHBIX MEXAY MPOLEecCOpaMH, JJATEHTHOCTD), HO JIJIs
[I0JIb30BATENI, HEJOCTATOYHO 3HAKOMOIO C HapajUleJbHbIMU BBIYMCICHUSAMH JUIS
CaMOCTOSITEIBHOTO BEIOOPA KOJIMYECTBA MTPOLIECCOPOB, OHA MOXKET OBITh MOJIE3HA.

Ha ocHoBe HEOOXOIUMBIX PECypcoB W BBIOPaHHBIX IApaMETPOB CHCTEMOM
renepupyetcsa JDL (job description language) ¢aiin [2]. Cucrema ynpasnenus Grid-
nH(ppacTpyKTypoit Ha ocHoBe JDL ¢aiina HaXOQUT B JOCTYITHOM MPOCTPAHCTBE COOT-
BETCTBYIOIIUI KJIaCTEp U 3aITyCKaeT 3a/1a4y Ha HEM.

Monynb obecniedenust pabotel Ha Grid-MHPPACTPYKTYpe B peKHME PeaTbHOrO
BpPEMEHH CJICTUT 3a XOJIOM PEUICHUS 3aJla4d M MOCJe YCIEIHOT0 OKOHYaHHS (WK
BO3HUKHOBEHHS OIIMOKH, MPHUBEIIIEH K aBapHHHOMY 3aBEpILEHHIO PabOTHl alrOpUT-
Ma) CKauMBaeT BBIXOJHbIE (Dailyibl Ha JIOKAJIbHBIH KOMIIBIOTEP I10JIb30BATEI.

PaccmoTpenHble neiicTBUS, HEOOXOAMMBIE U PEeIleHHs ONTHMHU3AIIMOHHOHN 3a-
Jlauyl aJropuTMaMy MPUHATHS PELIEHUs, CXeMaTHYEeCKH IPECTaBIeHbI Ha PUC. 5.

Bsibop anropur™a s pe- 3amyck anropurma,
LICHUS.  ONTHMU3ALUOHHOM MOJTy4eHHE PE3yIIbTaTOB
3aJa4l M OmpeJelicHue
YIPaBJIAIOIKX TapaMeETPOB
BBIOPAHHOT'O AJITOPUTMA

Bri60op onTHMHU3ALMOHHON MO-
nead w3 OaHKa Ipejornpere-
JICHHBIX ~ Mojelnei, 3amada
BXOJIHBIX JAaHHBIX, OTIIpenacie-
HHE or‘pal—mqeﬂnﬁ " BappHupye-
MBIX IIEPEMEHHBIX

I

+ OmnpeneneHue HOBOH ~
/ ONTHUMH3ALMOHHOH \
\ MOJIeNH U Jlo0aBlieHHe '
N B GaHK Mojenei ’

Puc. 5. LLIarv peweHns onTUMKU3aL/OHHON 3a4a4m

IHoacucreMa MOJEJMPOBAHUSI ABYMEPHBIX MATrHMTHBIX noJjeil. OgHuUM U3
BaYKHEHMILIUX JTANOB IPOEKTUPOBAHUS U UCCIEN0BAHUSA DJIEKTPOMEXaHUYECKUX CUCTEM
ABJISIETCS. MOJCIMPOBAHWME M PpEIIEHME 3aJad MarHuTHoOro mnond. B moxacucreme
NOJAEPKKUA pPELIeHUus 3a7ad JABYMEPHBIX MAarHUTHBIX IIOJNEeHd IpPeayCMOTpPEH
BCTPOCHHBIH  CHEIMAIM3UPOBAHHBIM TpaduuecKuii pemakTop M TOCTPOCHHUS
MarHMTHBIX IIeTIel UCCIIeAyeMON AIEKTPUUECKON MAIIMHBI WK armapara.
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Pacuet mosis MOXHO NPOU3BOAUTH MapajyieNbHBIM METOJOM KOHEUHBIX 3JIeMEH-
TOB, a TAKXKE METOJaMH NMPUHATHS pemieHus [§].

B ciyuae pemeHus 3amaud TapajulebHBIM METOJOM KOHEYHBIX JJIEMEHTOB
00JIaCTh MAaTHUTHOM 1IeTTH pa30uBaeTcst Ha OJIOKH (I0J00J1aCcTH) JUTS pacyeTa KaxJI0ro
65oka Ha oTnenbHOM mnporeccope [8]. Ilpun HepaBHOMEPHOM pa30UEHUN UMEET MECTO
HepaBHOMEpHas apu(MeTHuecKas Harpys3ka Ha IPOLECCOpBl, YTO MPUBOIUT K IPO-
CTOI0 YacTH u3 HuX. [103TOMy pexoMeHayeTcsi MPOBOIUTH MO BO3MOKHOCTH PaBHO-
MepHoe pa3zduenue. CucremMa MOANEPKHUBAECT METOA AEKOMIIO3ULIMU C TEHEBBIM IIepe-
KpbeITHEM. PacueTHast o0nacTh W 3HAYCHHUS YNPABISIONIMX [apaMETPOB AITOPUTMa
3aMUCBIBAOTCA B (haiilsl, KOTOPBI aBTOMAaTHYECKH 3arpy’KaeTcs B COOTBETCTBYIOILYIO
JUPEKTOPUIO BBIYMCIMTENFHOTO KJacTepa, IMOCIE 4Yero 3amlyCcKaeTcsi CKpPHUIMT
KOMITMJISILIMY U CTapTa aJIfOpPUTMa.

[Mociie ycenHoro pemreHust 3a1a4m JIFOOBIM allTOPUTMOM 3HAYEHUS] MAarHUTHBIX
MOTEHIIMANOB B TOYKAX MPOCTPAHCTBA 3alIUCHIBAIOTCSA B (paidil, KOTOPBIN cUCTEMa aBTO-
MaTHYECKH CKAUMBAET M M0 CUYUTAHHBIM 3HAYCHUSM PHCYET CHJIOBbIC JIMHHMUA MArHHT-
Horo nouis (puc. 6).

5 Manwindow =& 2

ulete Start MKE v—

Lympp

Ay [ - =5

Puc. 6. MpumMep MOLENMPOBaHNA MarHWTHOrO NOMA 31eKTpu-
4eckoro annapaTta

Moacucrema MoJeTUpPOBaHUSA TPeXMePHBIX MATHUTHBIX moJeii. [loncucrema
UMeeT BCTPOCHHBIN Tpaduyeckuil peqakTop, CreluaTu3UPOBAHHBIN IJIS1 TIOCTPOCHHUS
TPEXMEPHBIX MAarHUTHBIX ILened 3JeKTPUYEeCKUX MAIlMH M anmnapatoB (puc. 7).
JlaHHBI pegakTop MO3BOJSIET KOHCTPYHMPOBAaTh MAarHUTHYIO LEMb HCCIETYEMOU
MAIlIMHBI WJIH afiapara 1o TpeM MPOeKIHIM.

Jo Hagama pacyera MarHUTHOTO IMOJS HEOOXOAMMO OMNPEACIHTh TPAHHMIBI, HA
KOTOPBIX 3HAYEHUS MArHUTHBIX IOTEHIMAJIOB PaBHBl HYJIO (IPaHUYHOE YCIOBHUE
Hupuxne). [Jna nuckperusanuu o00JacTM MarHUTHOTO IO HCIIOJIB3YIOTCA
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napaijenbHble alrOPUTMBI CO3AaHUS TETPadAPalbHON CETKU C HUCIOJIb30BAaHUEM Jie-
KOMIIO3UIIMK 0€3 MEepeKphITHA W ajdropurMa myssipbka [9,10]. Pacyer MarHuTHOTO
TI0JIsI OCYIIECTBIISIETCS METOJIOM, PACCMOTPEHHBIM B padote [11].

o e .

Pwvc. 7. Mogynb TpexMepHOro MOAenMpOoBaHUs MarHn THbIX
Leneit

3akawuenne. Jlns paboTel B paclpellelieHHON BBIUYMCIUTENBHON cpene
pa3paboTaHa aBTOMATU3UPOBAHHAS CUCTEMA MPOSKTUPOBAHUS IJIEKTPOMEXaHHIESCKUX
CHUCTEM, KOTOpas COCTOMT W3 TIOJCHCTEM pEUIeHHs] ONTHMH3AIMOHHBIX 3a1ad,
MOJICIIUPOBAHUS U PEHICHUS KPAeBBIX 3a/1ad JBYMEPHBIX U TPEXMEPHBIX MarHUTHBIX
rnoneii. B OCHOBY MareMaTHYecKOro OOECleYeHHsI IOJICUCTEM  ITOJIOJKEHBI
napajieNbHbIe AITOPUTMBI IPHHATHS PEIICHUH, TUCKPETH3AINN 00JacTH U PEIICHHS
3a/1a4 MarHUTHBIX TOJICH.

Berpoennast monanepxka KOJUIEKTHBHOTO YAAJICHHOTO TPOEKTHPOBAHUS JIAeT
BO3MOXXHOCTh MPUBJIEYL K MPOLECCY Pa3jIMyYHBIX Pa3pabOTYHMKOB, MO3BOJIIET OoOMe-
HUBAThCSl COBETaMH, OOCYXXIAaTh pEIICHHs, IOBBIIIAS TaKUM OOpa3oM KauecTBO
MPOEKTUPYEMOI CUCTEMBI.

Cucrema B KauecTBE BBIUHCIHTEIBHOTO pECypca akTHBHO HCIOJB3YET MHOTO-
MPOLECCOPHYIO0 BBIYUCIUTEILHYIO MAIIMHY KJIaCTEpPHON apxutektypbl udepe3 Grid-
nH(PACTPYKTYPY, UTO JIeNaeT ee 0COOCHHO MPUBJIEKATEILHON IS PEIICHUS CI0XKHBIX
3a/1a4 AJIEKTPOMEXAHUKH.
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H.A. TERZYAN, L.T. HOVHANNISYAN,
A.E. HAKOBYAN, A.A GEVORGYAN

TO THE ELECTROMECHANICAL CAD SYSTEM OF DEVELOPMENT
FOR OPERATION IN DISTRIBUTIVE COMPUTING ENVIRONMENT

Remote collective computer-aided design system description that includes substations for

optimized problem solving of electrical mechanics and boundary problems in two-dimensional
and three-dimensional magnetic fields is described. The multi-processor computing
environment of cluster architecture is used by this system as a computing resource; therefore it
possesses a large computing possibility.

Keywords: computer-aided design, parallel algorithms, computing cluster.
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BecTHUK MNYA. Cepust “VIH(hopMaLMOHHbIE TEXHOMOTWN, 3NeKTPOHNKA, pasnoTexHuka”. 2012. Bsmr. 15, Nel.

SNNIEKTPOHVKA

VK 621. 382
O.A. IETPOCSH

OIIEHKA 1 MOJAEJIUPOBAHUE HOTPEBJIHEMOFI MOIIHOCTH
SAIIOMUHAIOINUX YCTPOUCTB

PaccMaTpuBaroTCsS OCHOBHBIE THIIBI apXUTEKTYphl IIOCTPOCHHUS 3allOMHUHAIOLIMX
YCTPOMCTB M 3JIEKTPUYECKUE CXEMbI 3allOMHHAIOIIUX 3J€MEHTOB. [Ipou3BeseHbl pacyeTsl U
MOJIeNMPOBaHKE IMOTPEOIIEeMO MOIIHOCTH Ha OCHOBE IPOrpaMMHOro mnakera Matlab st
JUHAMHYECKOH M SHeproHe3aBHCUMOM naMsATH. [lomyueHHbIe pe3ysIbTaThl TO3BOJISIOT OLEHUTh
oTpebasieMy0 MOIIHOCTh M IIPOM3BECTH BHIOOD THUIIOB 3allOMHUHAIONIMX YCTPOMCTB IS
KOHKPETHOTO IPUMEHEHHSI.

Kniouesvie cnosea: wMopenupoBaHue, MNOTpediIsieMas MOIIHOCTb, 3allOMHHAIOIIEE
YCTPOICTBO, 3allOMHHAIOIIMI 3JIEMEHT, AapXUTEKTypa, HaKONWTENb, CJOBapHas IIHMHA,
paspsiHasi IIHMHA.

Beenenue. VIHTEHCHBHOCTb pPa3BUTHSI BBIYMCIUTEIBHON TEXHUKN U aBTOMATUKU
TECHO CBSI3aHA C PAa3BUTHEM IOYIPOBOJHUKOBBIX 3aIIOMUHAIOIMNX yCTpoicTB (3Y),
peanu3yronmx (QyHKIMU 3alKUCH, XPaHEHUsI U cYuThIBaHUS WHpopmarun. CoBpeMeH-
HBI{ ypOBEHb MONYHNPOBOJAHUKOBOH TEXHOJIOTHH OTKpPBHIBA€T BO3MOXKHOCTH pealu-
3arun 3Y ¢ MHQOPMAIIMOHHON eMKOCTBIO B HECKOJIBKO rurabaiit. Hapsmy ¢ moBsimre-
HueM crerienu uHTerpaiuu BUC 3Y nabntogaercss ycToiunBas TEHIEHIIMS MOBBIIIE-
HUSL UX OBICTPONEHCTBUS C NPHOIMKCHUEM BPEMEHH BBIOOPKH K MTHKOCEKYHIHOMY
Jquana3ony. B ocHoBe paboTsl 3Y MoxkeT yexarh J1r000i pusndeckuit adgdext, odec-
NE€YNBAIOIIUI IpUBEIEHUE CUCTEMBI K IBYM WK O0Jiee yCTOHUMBBIM COCTOSHUAM. 3Y
COJICP’KUT BBINIOJIHEHHBIE B OJHOM ITOJyIPOBOJHHUKOBOM KPHCTAJUIE HAKOIUTENb
(COBOKYMHOCTH 3aITOMHHAIOIINX JIEMEHTOB - 30) M (YHKIMOHAIBHBIE Y3JIbI, HEO0XO0-
JUMBIE U YIPABICHUS HAKOMHUTEJIEM, YCHJICHUSI CUTHAIOB IIPH 3alMCH U CUUTHIBA-
HUH, a TaKXkKe 00eCIeUeHus peKuMa CHHXPOHU3ALIUH.

B HacTosmee BpeMs NEpCHEKTHBHBIMU HalpaBJICHUSIMU Pa3BUTUSA CXEMOTEX-
Huku 3Y saBnsAroTCA auHaMudeckue onepatuBHbie (DRAM) u sHepronesaBUCHMEBIC
(EEPROM, Flash, FeERAM) 3V (cm. Tadmn.).

[Ipu ucnonap30BaHUM B Kaue€CTBE OCHOBHOM OINEPATHBHOM MaMSTH MPOIECCOPOB
O0COOCHHO TpHBIEKATEIbHBIME CTaHOBsATCS 3Y DRAM Onarogapss MakcHMaibHOU
HHGOPMAILIMOHHON €MKOCTH, HU3KOH MOTpedIsieMOi MOIHOCTH U CTOMMOCTH, OHAKO
OHHU HY’KIAIOTCS B TIEPHOANYECKOM OOHOBJIEHUH (pereHeparmu). OCHOBHBIME cepa-
MU nipuMeHeHus sHepronesasucumoit namstu (EEPROM, Flash, FeRAM) sisisitorces
penporpammupyemas noctosinHas namsath (BIOS ycTpoiicTs, 3arpy3uuku u T.1.) U
3aMeHa KECTKUX AUCKOB.

Hns 3Y (cM. Tabn.) morpediisieMas MOIIHOCTh, OBICTPOACHCTBHE W CTCIICHD MH-
TErpaly B 3HAYUTEIBHOW CTEMEHH 3aBHCAT OT TEXHOJOTUH MX M3roToBieHus. [1ot-
pebisieMas MOIHOCTh MOXKET CYILECTBEHHO pa3iMyaThecs NPU XpPaHEHWU M CUHUTHIBA-
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Hun nHQopmanuu. OTHUM U3 HANpaBICHUN COBEPIICHCTBOBAHUS 3Y SBISETCS YMEHbB-
[ICHUE UX TOTPEOIIeMO MOIIIHOCTH, SBJISFOIICIHCS OrPaHUYMBAIOIINM (HaKTOPOM ISt
JTAJTbHEHTIIET0 MOBBIIICHUsT WH(GOPMAIIMOHHOW eMKOCTH U ObICTpoIeicTBYs 3Y .

Tabnvua
CpasHuTeNbHbIe XapakTepucTuky 3Y a1g 90 HM TexHonornu

XapakTepuCTHKH J03Y EEPROM dnem FeRAM
WNudopmarmonnas 16...256 512 x6ur 1024 4...64
eMKOCTb, MOUT
JmameTp riacTuHbl, MM 200/300 200/300 200/300 200/300
Brictponeticteue, ML 20...100 10...50 10...100 15...20
D¢} dexTuBHOCTH NCTIOTH30- 40...60 50...60 40...60 40...60
BaHMsl HAKOIHTEIS, %o
Hanpsokenue, B 2,5/1,2 2,5/1,2 2,5/1,2 2,5/1,2
VYBenmueHne CTONMOCTH 15 25 25 15...25
KMOII - rexnonorun, %
Tox cunteIBaHus, MA 125 10 15 10
Tommap ueiKu, MKM? 0,25 0,25 0,2...0,25 0,4
KoanuecTBo LIMKIIOB HE OrpaHUYEHO >10"7 >10" >10"7
nepe3anucu
OHEeproHe3aBUCHMOCTh - + + +

B 2710i1 cBsI3U OlIEHKA M MOJETUPOBAHKE MTOTPEOIIIEMO MOIITHOCTH 3Y C IIEIBI0
BbIOOpa Tuna 3Y A KOHKPETHOTO IPUMEHEHHUS SBIISAETCS aKTyalbHON 3afadei.

g moctpoenust 3Y B OCHOBHOM NMpPUMEHSIOTCS THUIBI apxutektyp 2D, 3D u
2DM (puc. 1). B apxurektype 2DM (MOaudUIMpPOBAaHHON) COYETAIOTCS TaKHe
nocronHcTBa 2D w 3D apxuTekTyp, Kak yIpOIIeHHWe Jemmdparuu ampeca M
CTpyKTypa 30.

B Hacrosimee BpeMs Ha OCHOBE pPACCMOTPEHHBIX THIIOB apXUTEKTYp
paspabotansl MHOTOuucneHHble 3Y (DRAM, EEPROM, FeRAM), rae npuMeHsoTCs
33, npuBeneHHbIE Ha puc. 2. B mpocTeiimem ciydyae Kaxaslidi 3D XpaHUT OJUH OWT
UH(pOPMAITHH.
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- — ™y

——»| OIII
Appec
. )

W




Iy |

Agpec ]
o >\ - nr’ | T : Harormerns
H/,a;pec * il
- [T+ = *]
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CSE' W CHOTRIEL R | E)
1l Hamoe )

Puc.1. Tunbl apxuTekTyp 3Y: a-2D, 6 - 3D, B - 2DM;
k - yncno cnos, m - paspsAaHOCTb cnosa, M=kxm - nHdopmalMoHHas eMKOCTb

WL . WL .
1 1
BL I'0Zratn
EL I &{ |§
a) ) &) =
WL WL

1 1
BL ' BL ' | EL
PL PL
r)

)
Puc. 2. nekTpuyeckune cxembl 33:
a- DRAM, 6 - EEPROM, B - Destructive Read Out (DRO) FeRAM,
r - Non-Destructive Read Out (NDRO) FeRAM

C yuerom emkoctu C, uMeromielics B I[ENMW NpPH 3alMCH W CUYATHIBAHHH,
paccunTaeM CpeaHIor morpedisiemMmyto MmouHocTs 3Y [1,2]:
Pavg = CV,
rrae V u f - HanpshbKeHue MHTaHus 1 pabodast 9acToTa COOTBETCTBEHHO.
Pacuersr notpednsemoit montaocT Hakonutened 3Y tunos DRAM, EEPROM,
DRO FeRAM u NDRO FeRAM mposezaens! B cpene CMOS, Tak kKak B 3TOi cpene
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CTaTUuecKas MoTpebiseMas MOIIHOCTh NpakTHYeCKH paBHa Hymro. [Ipu pacyerax
TIPUHSATBHI YCIIOBHS:

- YHUCJO CTPOK M CTOJNOIOB B HaKOMNMTENE paBHO, T.e. n=m=N (puc.l), Torma
HaKoNuTeNIb OyIeT UMeTh CTpYKTYpy NxN;

- eMKOCTH TPaH3UCTOPa U KOHAEHCATOpa XpaHeHHs paBHbI eMKocTH Cg 3aTBOpa
TpaH3ucropa. CrenoBaTenbHO, €MKOCTHU cioBapHbix WL u paspsaasix BL
HakoruTens OynyT paBHbI NCg.

DRAM. 3anuce unpopmarmu B 3D (puc.2a) OCYIIECTBISETCS 3apsSaOM WIN
pa3paaoM KOHJEHCATOpa XpaHeHUs Ipu BeIOOpe TpaH3ucTopa. J{jIsi HaKOMUTeNs 3TOro
3VY eMkocTh BeIOpaHHOH cioBapHO# mmHBl WL Oynet paBHa NCg, a k eMkoctd NCg
BbIOpaHHON paspsnHoi muHBl BL cymmupyercs emxocts Cg KOHIEHcaTopa Xpa-
HEHUS, B PE3yJIbTaTe YeTr0 eMKOCTh pa3psaHoi mmHb craHoBHTCS paBHOH (NCq + Cg).
[Ipunumas, uro g 3anmucd MHGOPMAIMM C YacTOTOH f,, AOCTaTOYHO MOJIOBHHBI
3apsiia WIM paspsia eMKOCTel pa3psiiHOW IIMHBI M KOHJEHCAaTOpa XpaHEHUs,
OIIpE/IENTNM MOTPEOIIEMYIO MOIITHOCTE:

[NC, +(NCg +Cg )2V £, (1)

B pexume cumthiBaHuA ciaoBapHas mmHa WL 3apspkeHa, a TpaH3UCTOP BHIOpaH
U HAXOJUTCA B OTKPBITOM COCTOSHHH, 4YTO IO3BOJISET KOHICHCATOPY XpaHEHHs
paspskarbcs uepe3 paspaiHyilo muHy BL. Ilpunumas, 4to a8 CUMTBHIBAaHUS
WHGOPMAIMK C YacTOTOH fr AOCTaTOYHO TOJNOBHHBI paspsiia eMKOCTeH pa3psaHOM
IIMHBl ¥ KOHJAEHCATOpa XpaHEHWs, ONpPEeAeIUM JUld peXHUMa CUHUTHIBAHMS
MOTPEOIIIEMYIO MOIITHOCTS!

[NC. +(NC, +Cg )2V 3, . ©)

CrnenoBatenbHo, Ul ONEpaluil  3almMCM M CUMTHIBAHMA  CyMMapHas

norpediisieMasi MOIITHOCTh PaBHA
Poraw = BN +1)(f,, + fR)CGVDZD /2. 3)
PesynbTaThl MOJIETUpOBaHUS Ha OCHOBE TIporpaMMbl Matlab npuBeneHs! Ha puc. 3.

EEPROM. Onekrpuueckas cxema 30 EEPROM mnpusenena Ha puc. 26. s
HaKOIUTENsI eMKOCTU CIIOBApHOM U pa3psnHOi 1muH paBHbI NCg, a eMKOCTh 3aTBOpPA
Tpan3ucropa - Cg. LMK 3amucu COCTOUT U3 ABYX ATAIOB:

- CTUpaHUe 3alMCaHHOH HHpOpMaLuy;

- MPOrPaMMHUPOBAHUE, T.€. 3aMNCh JAHHBIX.

Ha »ranme crtupanus uHpOpManuM NOpH 3a3eMIICHHON pa3psIHOW IIMHE
HanpspKEeHUe IPorpaMMUpPOBAaHUs HOBBIIIAeTCs 10 V. Ha 3Tane nporpamMmmupoBaHus
uHpOpPMaIIH BKIIIOYAETCS TPAH3UCTOP BBHIOOPKM, IIMHA NPOTrPaMMHPOBAHHS
3a3eMJIsIeTCsl, a pa3psaHas [IMHA OJKII0YAeTCA K Vyp.

Ha wmmHe nporpammupoBaHus cymMMapHas eMKOCThb Oyner paBHa NCg.
[IpunuMas, 4yTo eMKOCTb IUIaBarouero 3aTsopa paBHa Cg, a TakKe Y4YHUTHIBas, 4TO
JOCTaTOYHO IIOJOBUHBI 3apsfa U paspsja €MKOCTU ILIaBaroOLIEro 3aTBOpa,
OIIPEJIENTUM MOTPEOIAEMYIO0 MOLIHOCTH!

(4NCg +Cg 2V f,, - )
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Puc. 3. 3aBucmoc Ty noTpebnsemoii mowHocTy DRAM oT N 1 Vpp
npu Cg =3 P, fr =fyy =100 MI'y;:

1 - 4na pe>KyMOB 3anncu 1 CYATBIBAHMA, 2 - CYMMapHas MOLWHOCTb

BreIOpaHHBI TpPaH3UCTOP TPH ONEpPalUM CYUTHIBAHHA OTKPBIBAeTCS, U
paspsiiHas IIMHA 3apsbkaeTrcsa 10 Vpp. Koraa rumaBaromuil 3aTBop 3apsbKaercsi, TO
TPaH3UCTOP C IUIABAKOLIMM 3aTBOPOM OTKPBIBACTCA, M pa3psaHas MIMHA pa3psKaeTcs.
CrnenoBaTenpHO, HOTpeOisieMas MOILIHOCTh B PEXKHUME CUUTHIBAHUSA OINPENENIUTCS
BBIpO)KCHHEM

2NCVpy fr . (5)
B pesynbrare anss EEPROM cymmaphas nmotpebisiemast MOIIIHOCTh paBHA
2 2
Peprom = (4N +1/2)CVip £y, +2NCGV, £ (6)

PesynpTaTel MOgENTMpOBaHUSA Ha OCHOBE IporpaMMbl Matlab npusenens! Ha puc. 4.

FeRAM. Onektpuueckne cxembl 330 DRO u NDRO FeRAM mnpuseneHs!
Ha puc. 2B,r. OT™MeTHM, 4TO B (eppodrieKTpuieckux 3Y BEIWYMHA MOTPEOIIIeMO
MOIITHOCTH, KOrza (eppodIeKTpUUECKUH KOHIEHCATOpP MEHsSET CBO€ COCTOSIHUE,
Oosble, 4eM B OTCYTCTBHE U3MeHEHHs cocTosHus. [lpu sToM deppornekrpuyeckuii
KOHJICHCATOp BeleT ce0s Kak JuHewHbli kouaeHncatop [3,4]. Ilorpebisemas
MOIIIHOCTh OMpEAENseTCs IJIONIAbl0, OTPaHWYEHHOM KpuBOMl rucrepesuca. [lns
YIPOLIEHUS] PacyeToB HEOOXOAMMO MPOBECTH JHMHEHHYIO anmpOKCHMAIMIO KPHUBOM
rucrepesuca 4eTbipbMs auHUAMU [1]. IIpu pacuerax mpuHMMaeM, YTO MOJSPU3ALMS
MOCTOSTHHA ¥ paBHA Ej .
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Puc. 4. 3aBucumocTu noTpebnsemoii MowHoc T EEPROM oT N v Vpp
npu Cg =3 P, fr =10 MrIy,, fyy =50 MI'y;:
1 - anqa pe>kuma 3anucy, 2 - Ans pe>krma CHATbIBaHus, 2 - CymMapHas MOLHOCTb

Ilompeonaeman mouwgnocmos DRO FeRAM. Bo BpeMs omnepanuu 3arucu
HanpsDKEHUE CIIOBAPHOIM IIMHBI MOBBIMIAETCS A0 Vpp, a HaIpsKEHUE pa3psaHOM
IIMHBL - 10 £ Vpp B 3aBHCUMOCTH OT 3amuchiBaeMoil nHGopManuu (Jormueckuid "0"
v "1") TIpu 3a3eMIICHHON IIMHE YTpaBJICHUs. 32 BPeMs MOJIOBUHBI IMKJIA 3AITHCH
(heppodNIEKTPUIECKUI KOHJICHCATOP IMOJISIPU30BAH, HAXOAUTCS B COOTBETCTBYIOIIEM
COCTOSIHMH M paboTaeT B KayecTBe JIMHEWHOro KoHaeHcaropa. C ydeToMm TOoro, 4To
€MKOCTb IocienHero paBHa Cg, HoTpediseMas MOIIHOCTb ONPEAEIUTCS BbIPaXKEHUEM

2
CoVos fy /2.
B ocransHOe BpeMs eppo3eKTpuuecKuid KoHAeHcaTop OyIeT mepeKiIioyaThes

C OJTHOTO TOJISIPU30BAHHOTO COCTOSIHUSI B JIPYroe, YTo NPUBEAET K MOTpediseMoin
MOIIHOCTH BEIUYNHON

Epys fur /2

B otom ciiydae emMkocTH croBapHOW W paspsaHoil mmH paBHBl NCg,
ClleIoBaTeIbHO, NOTPedsieMas MOLIHOCTh paBHA

2
2NCVyp fy -
Taxkum 00pazom, B pexkUMe HUKIIA 3alIUCH CyMMapHas nmoTpediseMasi MOITHOCTb
OIIpENENAeTCS BhIPAXKEHUEM

[(2N +1/2)CeVpp + Epye /2]fw. 7

B DRO FeRAM pa3pymaromiee cYuThIBaHHE HHPOPMALUK TMPOUCXOAUT B
cilydae, KOrJa K CJIOBAapHOM U pa3psAHOM IIMHAM MpUKJIAIbIBaeTcs Vpp IpHU
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3a3eMJICHHON IIMHE YyImpaBleHHs. B pesynbrare cocTaBifmoomas HOTpedIsieMoit
MOIITHOCTH OMPEICIHUTCS BhIPaKEHUEM

2NCVpy fr .

B TeyeHme mepBON IONOBHHBI IMKIA YTCHHS IPOUCXOAUT CUUTHIBAHHE
unpopmaruu ¢ norpednsemoit Mommocteio C, V. f, /2, a Bo BTOpO#l TONOBMHE
OCYIIECTBIISIETCS BOCCTaHOBJIEHHE MH(MOPMAIMK C TOTPeOIsIeMOii MOIIHOCTBIO
E,,fr /2. Taxum 06pasom, B pexkuMe LMKIIA CYNTHIBAHNS CyMMapHas oTpedisiemas

MOIITHOCTH paBHA

[(2N +1/2)CqVpp + Epye /2] fo. (8)
Cymmaphas norpebisiemast MoiHocTh it DRO FeRAM Beipakaercst B BUjie
Poro = [(2N +1/2)CeVop +1/2Ehys](fW +fr). ©)

PesynpTaTel MOgENTMpOBaHUSA Ha OCHOBE IporpaMMbl Matlab npusenens! Ha puc. 5.

8000
N £000

4000

2000 s

Puc. 5. 3aBucumoc Ty noTpebnsemoit mowHocT DRO oT N un Vpp
npu Cg =3 ¢®, fr =fyy =20 MI'y;
1 - 4na pe>Kr1MOB 3anncu 1 CHUATbIBaHUSA, 2 - CyMMapHasi MOLHOCTb

Ilompeonaemaa mouwgpocmv NDRO FeRAM. 3anuce uHpopmaumu B 3D
MIPOMCXOAUT IPU MOJKIIOYEHUH BBIOPAaHHOTO KOHAEHCATOpa U IPWIOKEHHH K
pa3psiiHOM M KOMIUIEMEHTApHOM pa3psaHON IIMHAM HaNpsHKEHUsIMH +Vpp U -Vpp
COOTBETCTBEHHO. B »3TOM ciywae 3apsxaiorcss eMKocTH cioBapHod 2NCg u
paspsinHOit 2NCg mHH, ¥ TOTpediIsieMast MOIITHOCTH ONpeAessIeTcs GopMyIIoi

4NC Vo Ty -
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B nepBoil nonoBuHE NUKJIA 3aMIMCU TPOUCXOAUT U3MEHEHHUE MOJIIPU3ALHI, a BO
BTOpOH - (eppodNIeKTpHUYECKHH KOHACHCATOp BemeT ce0s Kak  JIMHCHHBIH
KoHzeHcaTop. CpenHss morpedisgeMas MOLIHOCTh BO BpPeMs 3allCHU  ONpPEneNseTcs
BBIPAKEHHEM

4N + 120 v +E, L 2]f (10)

[Ipu HepazpymammeM CUNTBIBAHWU YNpaBIfOmas MmmHa eMKOcThio 2NCg
MIpUBEZIEHA B COCTOSIHUE ITOPOTOBOr0 HANpPSLKEHUS Vry, paspsaHas MIMHA 3apsKeHa, a
HU3KO€ HaIpsDKEHUE VR CUHTBIBAHMS NPWJIOKEHO KO BCEM pa3psIHBIM IIMHAM. Tak
Kak BEJIMYMHA HamNpsOKeHWsT Vrp Maya, T.€. KOHJEHCATOPbl HE TMOJSPHU30BaHbBl U
JNEHCTBYIOT KaK JIMHEWHBIE KOHIEHCATOpbl, TO TNOTpediseMas  MOLIHOCTb
PacCYUTBIBAECTCS COOTHOLIEHUEM

[2NCGV§D +2NC Vp, +(2NC, +2C, )v;]fR .
YuuThiBas, 4TO HANPSHKEHUS Vry U VR JOCTATOYHO Mabl IO CPaBHEHHIO C Vpp,

cjlaracMbIMH, 06yCJ'IOBJ'IeHHI)IMI/I HUMH, MOXHO HpeHe6peqL, CJICa0BaTCIbHO,
HOTp66HHCMa$I MOIITHOCTD B PEKUME CUNUTBIBAHUA PACCUUTHIBACTCA B BUAC

2NCV oy fr . (11)
Cymmapnas norpeonsiemas momtHocth NDRO FeRAM paBHa
Pooro = [(4N +1/2)C Vo +1/2E, . |f,, +2NCoVop fr. (12)

Pe3ynpraTel MomenmupoBaHus Ha OCHOBE IporpaMMsl Matlab mpuBeneHs! Ha puc. 6.

hys

hys

0.16 —:
0.14

012"

E000

4000 oo e

Puc. 6. 3aBcumocTu noTpebnsgemoii MmowHocT NDRO oT N v Vpp
npu Cg =3 P, fr =fyy =20 MI'wy;:
1 - ona pe>krma CuUMTbIBaHus, 2 - 415 peXKuma 3anucu, 3 - CymMapHast MOLWHOC T b
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JlaH comoCTaBUTENBHBIN aHAlW3 pa3audHbiX TUNOB 3Y 1o mnorpebnsieMoin
MOIITHOCTH TIPH CJICAYIONMX 3HAYEHHUIX mapamerpoB: Vpp=2...5 B, Vpp= 10...15 B,
Co=3 PP, Ens=22 -10 16 I>k. Ha puc. 7 npuBeieHb Pe3y/IbTaThl MOJICTUPOBAHUS
Ha OCHOBE IporpaMMHOro nakera Matlab.
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12000 10000
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4000 o o
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16000 14000 12000
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Puc. 7. 3aBucMMocTy cymMmMapHoit noTpebnsiemoid MowHocTy 0T N 1 Vpp:
a'fw<<va6'fw:fR: B'fw>>fR;
1 - DRAM (100 M), 2 - EEPROM (50 ML), 3 - DRO (20 Mrw), 4 - NDRO (20 ML)

Takum o00pa3oMm, pe3ysnbTaThl NPOBEJCHHBIX PACYETOB M MOAEITHPOBAHUS
moTpedJiieMO MOIIHOCTH Ha OCHOBE IPOrpaMMHOro makera Matlab Tumnos
apxuTeKkTyp 3V mokasaiu, 4To:

- 3Y tumoB DRAM u DRO FeRAM wumeroT HauMeHbUIYIO MOTPeOIseMyro
MOIIIHOCTb;

- 3V tuna EEPROM mno cpaBHeHuio c jpyrumu Tunamu 3Y HMEIOT
HaHOOJNBIIYI0 MOTPEONIIEMYI0O MOIIHOCTh AaXe IPH yYMEPEHHOW CKOPOCTH 3aIHCH
WHPOPMAITUH, YTO 00YCIOBICHO BEICOKUMH HANPSKEHUSIMH MPOTPAMMUAPOBAHHS,

- 3Y Tuma FeRAM TONHOCTBIO yHOBIETBOPSAIOT TPEOOBAaHHAM IO
MOTPEOJIIEMON MOIITHOCTH, IPEABSABIIEMbIM K COBpeMeHHbBIM 3Y.

Ha ocHoBe momydeHHBIX pe3yJbTaTOB MOXKHO IIPOBECTH CPAaBHUTEIBHYIO
OLICHKY MOTPEOIIIEMO MOIITHOCTH U OCYIIECTBUTH BEIOOP THUITOB 3Y Il KOHKPETHOTO
TIPUMEHEHUSI.

JokazaHo, dYro moOTpebisieMas MOLIHOCT B OCHOBHOM OHIpEAEIsIeTCs
KOJINYECTBOM CIIOBAPHBIX M Pa3psIHBIX INMUH, YeM M OOBSACHACTCS Mo 3HAUYCHHUE
Pa3pagHOCTH CIIOB.
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Matlab -

O.H. PETROSYAN

ESTIMATION AND MODELLING OF POWER CONSUMPTION
OF MEMORY DEVICES

The architecture construction basic types of the memories and the electric schemes of
memory elements are considered. Calculations and modelling of power consumption on the
basis of software package Matlab for dynamic and nonvolatile memory are carried out. The
results obtained allow to estimate power consumption and to make a choice of memory type
for concrete application.

Keywords: modelling, power consumption, memory, memory element, architecture,
storage, dictionary bus, the digit bus.
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V.G. PAREMUZYAN, V.M. AROUTIOUNIAN

POWER DENSITY OF NOISE SPECTRUM IN GAS SENSORS

Using Langmuir’s theory, the Power Density of noise Spectrum (PDS) in gas sensors for
some well known gases was calculated. Results obtained are compared with experimental
results.

Keywords: sensor, gas, adsorption, noise, PDS.

In our previous papers [1-3] the adsorption-desorption theory for oxygen on
other types of gases was extended and the case of reduction in heat of adsorption was
considered. Using Langmuir’s theory [4] we can calculate PDS for any kind of gases
and mixtures. Calculation of the PDS of electrical conductance fluctuation was really
divided into 2 parts - calculations of corner frequency and low frequency magnitudes
and at the end they were merged into formula of PDS. Actually, it is more useful to
have PDS of voltage fluctuation instead of electrical conductance fluctuation.

For the PDS of electrical conductance fluctuation the Langmuir’s theory [4]
gives the formula:

(fn(A_th))z ap . T
d? ap+pB  1+4nf21?°

where f is the Fermi-Dirac distribution function [5], A is the electron affinity of the

S, (f)=4

gas molecule, W, is the semiconductor work function, d is the thickness of the
sensing layer, [ is the desorption coefficient, O is the adsorption coefficient, P is the
gas partial pressure, N° is the number of adsorption centers per unit area,
1=1/(ap+B). At the adsorption-desorption equilibrium the whole sensor’s
conductance is expressed by

S S
G = e”nnt = e“n r(nO +6n)7
where e and p,are the electron charge and mobility, S and L, are respectively the

cross-section area and length of the sensing layer, n, is the density of free electrons at

the adsorption-desorption equilibrium. In this case an expression for the PDS of the
electrical conductance fluctuation is as follows:
s S H
Sse (F)=(eu, —)?S;, (f)=(ey, — ) ———,
BG() (UnL) ﬁn() (unLd)l-l-fZ/fCZ
where H, and f, are low frequency magnitude and corner frequency [4]. Resistance
of sensing layer is connected with electrical conductance by the formula
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S
EU, I
As U =IR, where | is the current in sensing layer, the expression for voltage is
U = é— = I S . 1 .
n
EU, I

The PDS of voltage fluctuation is equal to:
1 1 1
Sylf)= — .
U ( ) n2 1+ fZ/ fCZ

1
Zn—zsan(f)=const s,
(e, ) (e )
Let us analyze experimental data for gas sensors. PDS of voltage fluctuation
was experimentally obtained for hydrogen sulfide by sensor TGS 826 [6] (Fig. 1).

Q)

TGS 826
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Fig.1. PDS S (f ) of voltage fluctuations across the gas sensor TGS 826 normalized to the

sensor DC voltage UDC at ambient atmosphere of synthetic air mixed with hydrogen sulfide
(H,S) at various concentrations compared with theoretical results (bold lines)

Fig. 1 shows that experimental results are a little bit different from theoretical
results of the Langmuir’s theory. The experiment shows the 1/f depends on the

frequency. Theoretical results show that the value of PDS is almost constant on low
frequencies f << f,. In the range of frequencies nearby f, the dependence is

approximately 1/f . For frequency range f >> f_ the dependence is 1/f 2. The Eq. 1
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shows that dependence cannot be decreased faster than 1/f * and for low frequencies it
can be considered as 1/f which describes the 1/f dependence in Taguci sensors. For
different types of gases f, is different which means that PDS for different types of
gases will have different form of dependence in fixed frequency range. Fig. 2
illustrates normalized spectral dependence S (f )/ U? for the 73% porosity sample
exposed to dry air, dry air + 0.4%CO [7]. As we can see, in case of clean air the
dependence is similar to 1/f*° . In case of air + 0.4%CO the dependence is similar to
f .
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1E-11 ey . .
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Fig. 2. Normalized spectral dependence S, (f )/ U? for the 73% porosity
sample exposed to dry air, dry air + 0.4% CO

We already have some theoretical explanation of the fact that in fixed frequency
range different gases can have different types of frequency dependent noise. Let us try
to compare our theoretical results also with other experimental results.
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For SP32 sensor [8] we have the following curve (Fig. 3):
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Fig. 3. Normalized power density spectra of the resistance fluctuations of the sensor
SP 32 measured in the sampling-and-hold working mode. Each sample had one
million bacteria. The alias "Anthrax" stands for Anthrax surrogate Bacillus subtilis

Fig. 3 illustrates normalized power density spectra of the resistance fluctuations
of the sensor SP32 measured in the sampling-and-hold [9, 10] working mode. The
bold curve is the theoretical result, others are experimental results. Here TSA means
tryptic soy agar. As we can see for low frequencies, both experimental and theoretical
results show almost constant value for PDS and for high frequencies the dependence is

almost 1/f2.

In case of SP32 sensor for detecting ethanol in synthetic air [8], we have the
curve shown in (Fig. 4). The identification of gases in a mixture is of practical
importance, so we measured the sensors during exposure to different binary mixtures.
The various spectra observed for pure gases and their mixtures are shown in Fig. 4 for
the TGS 2610 sensor. The mixture of ethanol and NOX has a slightly different
spectrum than the one with ethanol. However, spectra at binary mixtures of SO, and
ethanol have noticeably different spectra than that of any single gases tested.
Experimental and theoretical results are illustrated in Fig. 4. As we can see, the
experimental curve is almost the same as the theoretical curve (bold curve) and for

PDS we have 1/f 2 dependence.
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Fig. 4. Normalized spectra multiplied by the frequency measured in synthetic air (solid lines),
and 7.3 ppm, 33 ppm, 100 ppm and 150 ppm of ethanol in synthetic air (dotted lines) for SP 32
sensor compared with theoretical result (Bold line)

Let us consider the noise phenomena in sandwich structure Metal/PS/Crystalline
silicon/Al sensors [11]. The contact metal on PS is made of Au. Here we have curves
of 3 cases (clean air, air + 0.1%H, and case when we have air after blowoff of H,).
Porosity of the samples is 57 %. PS layer is realized after the electrochemical etching
of crystalline p+-Si substrate having 0.01 Qcm specific resistivity. Thickness of the PS
layer is equal to 3 um. Detailed technology regimes of manufacturing are presented in
[12]. Regulation of the thermal noise level is realized by the choice of load resistance.
Theoretical (Langmuir’s theory) and experimental results obtained are shown in Fig. 5
[11]. In this figure bold curves illustrate theoretical results of corresponding cases. As
we can see, in case of an air+0.1%H, the dependence of PDS on frequency is similar

to 1/f on low frequencies and becomes 1/f Z on high frequencies. For cases when we
have clean air and air after blowoff of H, we see that dependences have forms of

1/£%8
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Fig. 5. Noise spectra of the Samples (PS 57 %, Au contact)
Another case is analyzed for Commercial gas sensors (TGS 2602, TGS 2610,
SP 32 and SP 11) (Fig. 6) [13]. These sensors are thick metal-oxide semiconductor
films fabricated by a screen printing technique.

Pawer Spectrum Su(f) (V' Hz' )

10 100 1000

Frequency (Hz)

Fig. 6. Power spectra for SP 32, SP 11, TGS 2602, and SP 11 sensors in synthetic air after the
burning-in the process compared with theoretical results: #1 and #2 in the graph denotes two
different sensors of each type of sensors

As we can see, for SP32 sensor theoretical results are a little bit different from
experimental results in high frequencies, but in low frequencies they are almost the
same. For SP11 sensor the theoretical values mostly match with the values got from
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the experiment and, as we can see, in low frequencies the dependence is like 1/f and
it is starting to decrease faster on increase of frequency and in high frequencies the
dependence becomes 1/f 2.

Another type of gas sensors that we have analyzed are semiconductor sensors
made with chemical vapor deposition method [14]. As a resistance base of gas sensor,
the resistance of sensor on 180°C temperature was taken which is equal to 150kQ.
Noise detection was done in clean air, air + ethanol and air + CO mediums.
Theoretical (bold curves) and experimental results are shown in Fig. 7. For low
frequencies the theory shows almost constant value of PDS but experiment still shows
1/f dependence. For high frequencies the theoretical and experimental results are

very close and the PDS is mostly similar to 1/f 2.
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Fig. 7. Power Density of Spectrum of sensor noise in different gases for temperature
180°C: 1 - Argon, 2 — Oxygen + CO(45%), 3 — Oxygen + ethyl alcohol (0.33%)
Conclusion: All comparisons show that in all cases the Power Density of
Spectrum of voltage fluctuation has dependence on frequency as: S, ( f ) = const
when f << f_, Sy(f)=1/f? when f>>f_and S,(f)=1/ % where (
0<k<2)when f isnearby f,.
Actually, we see in some cases different theoretical and experimental results but
the difference is not so noticeable. The Langmuir’s theory explains 1/f 2 dependence

of PDS for electrical conductance/voltage fluctuation on frequency which we see also
in the experiment. For different gases the corner frequency [1-3] can be different
which means that in fixed frequency range the dependence of noise on frequency can

be different(1/f , 1/ ..).
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B.I'. TAPEMY35H, B.M. APYTIOHSH

CHEKTPAJIBHAS IIVIOTHOCTb MOIIHOCTH LTYMA B I'A30BbIX
CEHCOPAX

Ha ocHoBe Teopum JlaHrmMypa TOJIyY€HO BBIPDOKECHUE ISl CIIEKTPaJIbHOW IIOTHOCTH

momgHocty (CIIM) mryma ra3oBbIX CEHCOPOB JUISi HEKOTOPBIX M3BECTHBIX ra3oB. [lomyueHHbIe
BBIPa)KE€HUS CPABHEHBI C HKCIIEPUMEHTAIbHBIMU PE3YJIbTaTaMHU.

Knroueswle cnosa: ceHcop, ra3, ancopOLus, IIyM, CICKTPaJIbHas IIIOTHOCT MOIIHOCTH.

69



« , ) »:2012: Fng. 15, Nel

621. 382

(
),
[1]:
- n-p- n

( - 1)1
v p- ) [2]:

Xm

( )

70



X>Xm 0 -

Xm

[2,3]: Xm -

F. hGuntGu.
F,

o Onunlih huguly

Unpwwnwguwd 2tnwn

0 Xn(V) X

9,610%,  9,210%, 9,310%
[3]
[4]

Xm —

71



10

Xm — . 3-

A 110% U
\\
N
-"""'--...___
= —— X, 10° uw
10 15 20 25
L 11107 ¢
Xm™ 10 udd
N IR T ST
5 10 15 20
Xm
)l
Xm_ Xml XmZ
[P

72

Xm



T Ax N : (1)

(
):
[2]
ZIPh.i,j =S qzz Fo( 4 )e ™™
i i
F, = e®n @
0= s '
q- 0 S-
() @
' Fo =6,6797110% [ 2 (
)
, = 1186441,982 a; = f(4)
' 1,= 3625
I, = SqF,e ™ Iy = f(Xm)
(.4 ) 3 -
( . 4- 2

73



A 1107 U

74

Xm 10° uf
10 15 20
I = f(Xm)
2‘ | = f(Xm)
2-
e



1. http://www.dissercat.com/content/razrabotka-i-primenenie-distantsionnykh-
spektrometricheskikh-metodov-issledovaniya-prirodnyk

2. On the mechanism of spectral selective sensitivity of photonic biosensors /S. Kh.
Khudaverdyan, J.G. Dokholyan, V.E. Arustamyan et al// ELSEVIER, Nuclear
Instruments and Methods in Physics Research A.-2009.-610.-P. 314-316.

3. Modeling of a New Type of an Optoelectronic Biosensor for the Monitoring of the
Environment and the Food Products /S. Khudaverdyan, O. Petrosyan, J.
Dokholyan et al //Springer.- ISBN 978-94-007-2487-7.- 2012.- P. 179-184.

4. http://rredc.nrel.gov/solar/spectra/am0/wehrli1985.new.html

C.X. XYJABEP/ISIH, B.E. APYCTAMSIH,
K.I'. JOXOJISIH, C.Y. HATYPSIH

HOBASA MOJEJIb CIIEKTPAJIBHOT'O AHAJIM3A UHTEI'PAJIBHOT'O
IHOTOKA U3JIYYEHUSA

C nomo1ibio AByX0apbepHBIX MOITYIIPOBOJHUKOBBIX CTPYKTYP PaCCMOTPEHBI HEKOTOPhIE
0COOCHHOCTH BHIOOpa OTHENBbHBIX BOJH W3 HMHTETPAIBHOTO TOTOKA HM3IYy4YEHHUs. YUUThIBas
yCIOBHS TOMJIOWIEHHWs WM HchmyckaHus — (QuroopecreHnns), mNpemyiokeHa  MOJENb
CIEKTPAJbHOIO aHaJHM3a WHTErPAJBbHOTO IIOTOKA M3JIY4YEHHs M BBIABICHA BO3MOXKHOCTH
HaXOKIEHHS JUTMHBI 1 HHTCHCUBHOCTH HICKOMOH BOJIHEL.

Knrwuessle cnosa: crnekrtp, norjouieHue, GoToTok, HHPOpMAIHS, aHAIU3.

S.KH. KHUDAVERDYAN, V.E. ARUSTAMYAN,
J.G. DOKHOLYAN, S.H. TSATURYAN

A NEW MODEL FOR SPECTRAL ANALYSIS OF INTEGRAL
RADIATION FLUX

Some feature selection of individual waves from the integrated stream of radiation by
means of two-barrier semiconductor structures are considered. Under the conditions of
absorption or emission (fluorescence) the model is proposed and the possibility of detecting the
length and intensity of the required wave is revealed.

Keywords: spectrum, absorption, photocurrent, information, analysis.
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YJIK 621.396.962.2
M.II. AUBA3SIH

COI''TACOBAHHME HPQI[OJILHO-HAMAFHI/I‘IEHHOFI AHMU3OTPOITHOM
CPEJbI OJHOCJIIOMHBIM YETBEPTbBOJIHOBBIM IIOKPBITHEM

HccenenyroTcst BOPOCHI COTIIACOBAaHUS MPOI0JIbHO-HAMATHUYCHHON MOJTyOeCKOHEUHOH
(beppuToBOi Cpenbl TPU MOMOIIM OJHOCIOHHOTO IHMAJICKTPUYECKOTO MOKpHITHS. [lokazaHa
BO3MOJKHOCTb TTOJy9EHHs] MaJIbIX 3HaueHUH Kod(dHUIMEHTa OTpaKeHHs OT HaMarHHYEHHOTO
(beppuTa B MIIITUMETPOBOM M CyOMIJUTIMETPOBOM JIMAITa30HaX [UIMH BOJIH.

Kniouegvie cnosa: ann3oTpoIHas cpena, HAMarHMIeHHBIH (eppHT, KOMIIOHEHTHI MOJIS,
COTJIACOBAHUE, TMAICKTPHICSCKHN CIIOH, MOISIPH3AIHs BOJIHBI, KOAQOUIHUEHT OTpaXkeHHUs.

BBenenne. OcCOOEHHOCTh COTJIACOBAaHUS IMPOAOJIEHO-HAMAarHUYEHHOTO (eppu-
TOBOTO 00pa3la COCTOMT B TOM, YTO HAMarHW4eHHBIH (EeppUT SABIAETCS aHU3O0TPOII-
HOU cpenoi. O HEOOXOAMMOCTH PEIICHUsT BOIPOCA COTJIACOBAHUS JJISl CO3/IaHUS He-
B3aMIMHBIX YCTPOWCTB yKasbiBaercs B pabote [1]. M3BectHhl Tpu crocoba coria-
coBaHUs (DEeppHUTOB: a) KOMIICHCAIMS OTPAKCHUN PEIIETKAMU C PETYIHPYEMON MPO3-
PadHOCTHIO; 0) PallMOHANBHBIN BHIOOD TONIIMH (DEPPUTOBBIX JIEMEHTOB M PACCTOSHUIH
MEX]Y 3JIEMEHTaMHU; B) IPUMEHEHHE YeTBEPThBOJIHOBBIX cJI0€B [2].

[epBblii crioco0 3akmovaeTcs B IPUMEHEHHH JBYX PEIIETOK, OJJHA 13 KOTOPBIX
MOJBIDKHAS M IlepeMellaeTcs] NapajulelbHO HENMOJBI)KHOW peleTke (IIPOBOJHUKU
0o0enx peIIeTOK MapajuleNIbHbl Jpyr APYTY, a HX IUIOCKOCTH — IIapajuleIbHBI
cornacyemoil rpanu ¢epputoBoro odpasua). IlepemenieHnemM MOABUKHOM pELIETKH
J0OMBAIOTCS] BEIPAaBHUBAHUS aMILIUTY BOJIH, OTPaXKEHHBIX OT (eppuTa U PEeIIeToK, a
pasHOCTh (a3 OSTHUX BOJIH, NOPU KOTOPOH OTH OTPAXKEHUS KOMIIEHCHPYIOTCH,
obecrnieunBaeTcsi BLIOOPOM PacCTOSHUSI MEXKy (DEPPUTOM U peleTKaMH. DTOT CIoco0
JOCTaTOYHO TIOJIHO UCCIIEIOBAH KaK TEOPETHYECKH, TAK U IKCTIEpUMEHTanbHO. OTHAKO
OH CIOXEeH B pealu3alliy, a MpH MaJeHUM Ha  COIVIACOBAHHBII (ONMMCAHHBIM
crioco6oM) (eppUT BOJIH OPTOTOHAIBHBIX HOJISPU3ALUNA KOMIIEHCUPYETCS] OTpaskeHHe
TOJIKO OJTHON BOJIHBI.

Bropoit cmoco0, mNPUTOAHBIA  MpakTHYECKW sl JIIOOBIX — 3HAYCHUH
HaAMarHMYeHHOCTH (eppuTa, 3aKil04aeTcss B TOM, YTO OTPaXXCHHUE MPaBOIO-
JSIPU30BAHHON BOJHBI YCTPaHSETCS BBIOOPOM TONLIMH (DEPPUTOBBIX 3JIEMEHTOB, a
OTPaXKEHUE JIEBOIOJAPU30BAHHOM BOJIHBI - BBIOOPOM pACCTOSHUM MEXIy HUMH.
OpHaKo 3TOT crmoco0 JOCTATOYHO CIOKEH B pealn3ald, a MoJydaeMoe MPH 3TOM
COIJIaCOBaHME Y3KOIOJIOCHO.

Tpetuid cnoco0, OCHOBaHHBIM Ha WCIOJB30BAaHUM TPAAULUOHHBIX B
OINTMYECKOM [JMaNa30He YETBEPTHBOJIHOBBIX IPOCBETIIAIOLIMX CJIOEB, 3aK/IIOYAeTCs B
TOM, YTO B OIYOJMKOBaHHBIX K HACTOSIIEMY BPEMEHH pabOTax MPUBOIATCS TOJBKO
9KCHEepUMEHTAJIbHbIE Pe3yJbTaThl U yKa3bIBaeTCs Ha HEOOXOAMMOCTh MPOJOIKEHHS
WCCIICIOBAHUH B DTOM HAIpPaBICHUU C IETbIO MOUCKA ONTUMAIBHBIX COTJACYIOIINX
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MOKPBITHI. Pe3ynpTaTel TEOPETHUECKOTO U JKCIEPUMEHTAIBHOIO HCCIEeOBaHUH 110
TPEThEMY CIIOCO0Y COTJIaCOBAaHMS MPUBECHBI B HACTOAIIEH padoTe.

Teoperuuecknii anmapar. Kak wu3BecTHO, corjacoBaHHe OJHOPOJHOM
HU30TPOITHOM Cpelbl MOXKET ObITh OCYLIECTBIEHO OAHOCIOHHBIM MOKPBITUEM C
rapaMeTpami, yI0BJIECTBOPSIOUIMMHU CIIEIyIOIIUM COOTHOLIEHUAM [2]:

W, = WW, ()
d, =4,/4n,, 2
rac WC - BOJIHOBOC COITPOTUBJICHUE COIJIACYIOUICTO MOKPBLITHA, WC = ,UC/gc , E&c K

Mc - COOTBETCTBEHHO JUDJICKTPHUYECKAs U MarHUTHAsI TIPOHUIIAEMOCTH COTJIACYOIIETO
mokpertus; Wy u W, - BOJSHOBBIC COMPOTHBIICHHS COTIACYEMBIX CPE; Ag - JJIMHA

BOJIHBI, COOTBETCTBYIOLIAA HCHTpaHLHOﬁ JaCcTOTC aualia3oHa, dc - TOJIIIIUHa
COMIACYIOHIICTO MMOKPBITUSA, N; - MMokas3areib MIPEIIOMIICHU COTJIACYROIICTrO0 IMOKPBITHA,
nc = gcﬂc :

AKCHATPHO HAMarHWYeHHBIH (eppuT SBISETCS aHU30TPOIHOW CpenoH,
BOJIHOBBIE CONPOTHUBIEHHUA KOTOPOIl Ul BOJIH IPaBOrO W JIEBOTO HAaNpaBICHUH
Bpamenus paznunyunsl (W; u W, cootBercTBeHHO) [3]:

.= = : 3)
&
rae
@, 7, W,
ﬂzl_%’ Ha o Do 4)
Hy w* — @ Hy —OF — 0
w, =, oy =uM, . (%)

3mech € M J - COOTBETCTBEHHO IUAJIEKTPHUECKAass W MAarHuTHas NPOHHIIAEMOCTH
(beppuTOBOIl cpebl; o - MAarHUTHAS MPOHHUIIAEMOCTh BaKyyMa; [, - HeJIMaroHaJbHas
KOMIIOHEHTa TE€H30pa MarHUTHOW IMPOHUIAEMOCTH; Wy - 4acToTa (peppOMarHUTHOTO
pe3oHaHca; () - [UKIHYeckas 4yacrota (w= 27f ); Y - THPOMAarHUTHOE OTHOLICHUE
cimHa snekTpona (y = 1,76:10"" K/kr); Hy - BHyTpennee maruutHoe mone; Mo -
HAMarHHYeHHOCTh HACBIIICHUSI.

Crporo roBopsi, WeaJbHOE COIJIACOBAHHE CPEAbl C IABYMS pPa3IM4YHBIMU BOJI-
HOBBIMH COIPOTUBJIEHHSIMU OJHUM CJIOEM HEBO3MOXKHO. OJJHAKO B KOPOTKOBOJIHOBOI
YacTH MHJUIMMETPOBOTO M CYyOMIJUIMMETPOBOTO JIHANa30HOB BOJHOBBIE COIPO-
tusieHust Wi u W, nake B HAMarHM4eHHOM J10 HACBIILEHUS (eppuTe HE3HAYUTEIbHO
ormmyarorcss  [3]. Hemzaumsbie osnemenTsl Ha dddexre Dapanmes 1OIDKHBI
MOBOPAYMBATh IJIOCKOCTh MOJISIPU3ALMKM SJIEKTPOMArHUTHON BOJHBI Ha 45°. Takoit
MOBOPOT OOECIeYnBaeTCs eIle MEHBIIUMH, YeM TIPH HACHIICHUH, 3HAYCHUSMHU
HaMarHMYeHHOCTH (eppuToBoro obOpasua. Tak, MOBOPOT Ha YyKa3aHHBIA yroi
¢eppurom Mmapku  10CU6B  TommmuOM 10 MM obecmeumBaeTcs TIpH  IIOJ-
MarHuumBaiomeM tnone mopsaka 16000 A/m (200 3), mpm 3TOM BOJHOBBIE
COIIPOTHUBIEHUS (eppuTa [UId BOJH INPaBOr0O M JIEBOTO HAIPABIEHUM BpalleHHs
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ommmuarores Ha 1,4% (U = 1, Py = 0,014, €leg = 15,3). D10T (pakT yKaspiBaeT Ha
pealbHy0 BO3MOXKHOCTh COTJIACOBaHUS (eppuTa MPH TIOMOIIM OIHOCIOHHOTO
COTJIaCYIOIIETO MOKPBITHSL.

HccnenoBanne mnpeneiabHBIX BO3MOXHOCTEH COTJIACOBAHMS IPOBOIUTCS HA
MOJIENISAX MONyOeCKOHEUHOH (PeppUTOBOI Cpeabl U OECKOHEYHOTO (heppUTOBOTO CIIOA
B CBOOOJHOM TIPOCTPAHCTBE, TIIOCKOJLKY B MHOTOBOJIHOBBIX  BOJIHOBOJIAX
nmapuyanbHele  BOJIHBL BpUIUTIODHA PAcCHpOCTPaHSIOTCA TOJ MAalbIMU  YIJIaMH
CKOJIBXXEHHSI K OCH BOJHOBOJIA, a TIPOJIOJIbHBIE KOMIIOHEHTHI IMOJIsI BechMa Mauibl. [lpu
9TOM BOJTHOBOJIHAsI BOJIHA 00JIaJjaeT CBOWCTBaMHM, OJIM3KMMHU K CBOWCTBAM ILIOCKOM
BOJIHHI [4].

PaccMoTpuM Mm10CKyI0 BOJIHY B CBOOOTHOM MTPOCTPAHCTBE, KOTOpAs MaiaeT Ha
10JIy0ECKOHEUHYIO MPOJI0JLHO-HAMArHU4YeHHY0 BIoJIb ocu Oz depputoByio cpeny ¢
COMJIACYIOIIMM  HM30TPOIHBIM  AMDJCKTPUYECKHUM  CJIOEM, HWMEIOUIMM BOJIHOBOE
conporusnenue Wy u Tonuuny d (puc.1).

.
:zwﬁ:%ﬂﬁ/ﬁ i
T

Weg

Puc.1. K Bonpocy cornacoBaHust nony6ecKoHeuHol
theppnTOBOIA cpesbl

[Ipenmnonaraercsi, 9To BOJHA MajgaeT HOPMAJBHO K TIpaHUIIE paslena, a ee
BEKTOp 3JIEKTPHUYECKOTO TOJs HampaBieH Baonb ocu OX. TpeOyercs ompenenuTsb
aAMILUTUTY Ty OTPaKEHHOH BOJIHBI.

B paccmarpuBaeMoM ciy4ae ymoOHO NpEACTaBUTH MAJAIONIYI0 JIMHEHHO TIO-
JISIPU30BAHHYIO BOJIHY B BHJIE JBYX KPYTOBBIX BOJIH C Pa3NIMYHBIMHU HAIPaBICHUAMHU
Bpauenus. Beuny ornmuus Wi u W, ofgHa u3 3TuX BOJH OYyIET OTpa)xaThCs CUIIbHEE,
4yeM japyras. Pe3ynbTupyromas oTpakeHHast BOJHa (TIPelCTaBISIOmAs co0oi CyMMy
JBYX KPYTOBBIX C Pa3IMUHBIMU aMIUINTYaMH1) MOJISIPU30BaHa 10 3Jutuncy. O4eBuaHo,
YTO npoleamas B GeppuT BOJHA Taloke MOJIIPU30BaHA IO 3JUIMICY, OOJbIIas OCh
KOTOPOTO ITOBOPAYMBACTCS IT0 MEPE MPOBIKECHISI BOJTHEI BIob ocu Oz.

PaccMmoTpuM BHavase najeHue NMpaBONOJIIPU30BaHHOM IO Kpyry BojHbl. Eciu
I13/1aI0I1YI0 BOJIHY 3allucaTh B BUJE
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Efea = g ket H[ea = _L Epa |
; (6)
Ena,q:_'e*jkazj Hnmea — _— Enaa ,
Y J Y W, X

rae

ks =@-/&,14, WB:\//UO/‘C"O , (7

&o - AUDJICKTPUYIECKAA NMPOHUIIACMOCTh BAKyyMa, TO OTPa>XCHHAsA BOJIHA 6YH6T TAKXC
HpaBOHOJ’IprHSOBaHHOﬁ, H €€ COCTaBMAKOIIME TIOJIA OIpPEACIATCA CICOAYIOIUMHA
BbIPpAXKCHUSIMU

i 1
oTp _ jkgz oTp __ oTp
Ey'’=Re™, H"=—E/",
° ®)
oTp _ _ ; Jkgz oTp _ oTp
E/P=-JRe™", H{"=-——+E}",
B
rie R, - ammmryza  oTpakeHHOW NpaBONOSPH30OBAHHON BONHBL —BHyTpH

COTJIACYIOIIETO CJIOS MOl OMPENENSIOTCS CYMMOM BOJH, ABIKYIIUXCS HaBCTPEUy
JIpYT APYTY, KOTOPBIE 3aIUIIYTCS B BUJE

E, =Tre ™ + Rkel?
1 —Jk jk

HY ZW(T+ke St _R-i:ej KZ) ’
k . -

E, =—j(Tre " +Rie™),

-1 —jkgz jkez
Hy = JWU+ke Wz _ Rkglt)

K

)

e
Ke =o-|ecpe s We =1 /& - (10)
Tku R¥ - ammmrtynsl npaBonosnspu3oBaHHBIX BOJH, PacHpOCTPAHSIOMMXCS BJOMIb

MOJIOXKUTENbHBIX U OTPULATENbHBIX Z COOTBETCTBEHHO; &k U Uk — COOTBETCTBEHHO
JOUNIEKTPUYECKasi U MAarHUTHAS! IPOHUIIAEMOCTH COTJIACYIOLIETO MOKPBITHS.
Haxomner, moe npormenieii B peppHTOBYIO CpeTy BOJIHEI 3aIIUIIIEM B BUIE

—jkg (z=d) 1+ an
EP=—jTe " Hp = EP.
rmue
ky=ofe(u—p) . W, = [FoFe (12)
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Hcnonb3ys ycnoBHs HENPEPbIBHOCTH TAHTCHUUAIBHBIX COCTABIAIOMIMX Ha
rpanuie pasgena Z = 0 u Z - d, modyduM CHCTEMy AJIS MCKOMBIX aMIUIMTYA, NPH
pelIeHHH KOTOpOW MOJy4YMM aHaJUTH4YecKoe BblpakeHne minsi R, (u3-3a ero
IPOMO3AKOCTH OHO 3/1€Ch HE IPUBOAUTCS).

AHaNOrnyHbIM 00pa30M paccMaTpPUBACTCS OTPAXKEHUE JIEBONOJISIPH30BaHHON
BOJIHBL. {7151 3TOTO CclieyeT B HamucaHHBIX Bhile (popmynax (6) - (12) u3MEeHUTh 3HaK
nepen Ey, 3ameHuTh HHIEKC “+” Ha “-” U HOIOXKUTH

+
s=oe(ut ) ww%. (13)

Bonna, oTpakeHHas B TOH Jk€ MOJSPH3AMH, YTO W MAAAOMasi, HMEET
MaKcUMalbHYI0 aMIuutyy Ry [3], paBHyto

1
Ry ZE(R++R_)’ (14)
a OTpaXXCHHasl BOJIHA B OpTOFOHaﬂBHOﬁ MOJIApu3aliil UMCET aMIUIUTY Ay
1
R =J(R.-R). (15)

ITonoxwus k«d = 772 u noxcrasus ero B BoipakeHus (14) u (15), wist Ry u Ry
OKOHYATEIHHO MOJTYyIUM

Roo (WE-waww)
(W2 +WW_ W2 +WoW.)
o WAW,W W)

' W W, W2 +W W)

(16)

(17

U3 dpopmyin (16) u (17) cnenyert, uto Ry = 0, ecnu

W, =W, WW_ | (18)

d=* (19)
4n,
HpI/ISTOM
7,
R, ~ & | 20
iy (20)

W3 momyueHHBIX (HOPMYI CIIEIyeT, 4TO OAHOCIOHHOE MOKPHITHE IO3BOJSET
HOJTHOCTBIO YCTPAHUTH OTPAXKEHHYIO BOJIHY, MONSApM3aLUs KOTOPOHl mapanienbHa
noJspu3aluy najatoment Bonnsl. Ilockonbky, kak yxe ormedanock, W, 1 W. 6nusku
u mano ornuyarorca oT Wy (Wy - BOJIHOBOE CONpOTHBIIEHHE HEHAMArHUYEHHOIO

deppura, W,y ~\WW_), 1o BOmHOBOE compoTHBICHHE COrMACYIOMIEro MOKPHITHS

MOJXKET OBITh BHIOPAHO W3 yCIIOBHS
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W, = WBde . 21

U3 (21) cnemyer, uro mpu Ry = 0 cymecTByer oOTpakeHHas BOJHA
OPTOTOHAJIBHOM MONAPU3aLUY, aMIUIUTYJJa KOTOPOH 3aBHCHUT TOJIBKO OT IIapaMeTPOB
¢deppura U ero HamMarHM4eHHOCTH. OLEHKHM IOKAa3bIBAIOT, YTO IJI NPUMEHSEMBIX
(deppuTOB, HAMAarHWYEHHBIX JO HACBHIIIEHHS, B KOPOTKOBOJHOBOM YacTH MHIUIH-
METPOBOI'0 JAMAIa30Ha BEJIMYMHA OTPAXXCHHOW MOIIHOCTH OPTOTOHAJIBHOW IOJSApU-
sanuu Mana. Tak, it Geppura Mapku 10CU6B Ha midHe BOJHBI A = 2 MM, HaMarHu-

YEHHOI'0 10 HAaCHIIICHUS, R& =7-10°. C YKOPOYEHUEM [UIMHBI BOJHBI BEJIMYKHA
OTpaKeHHOH MONIHOCTH YMeHbIaeTcs ¥ ipu A= 1 MM coctaBnser R =1,6-107.

Pacuer 3aBucumocreit Ry u R? or mnussl BonHbl, BONHOBOTO conpoTuBieHus
COTJIACYIOIIETO TMOKPBITHS W HAMATHMYEHHOCTH MOJTyOEeCKOHEUHOH (eppuToBoit

Cp€abl IIOKa3bIBAC€T, YTO BCJIMYHMHA R)Z( , B OCHOBHOM, 3aBHCUT OT BOJIHOBOTO

CONpPOTHBIEHUs cornacyiomero mokpbitust W, ¥ NpakTU4ecKM HEM3MEHHA MpH
M3MEHEHNHM HAMATHUYEHHOCTH CPEJIbl OT HYJIS 10 HAMArHUYEHHOCTH Hachlenus Mo.
Yro kacaeTcss BenmuuHbl RZ, TO OHA 3aBUCHT OT HAMATHUYEHHOCTH CPEBI, TIPUYEM
COIJIaCyIOIIEe MOKPHITHE HE OKA3bIBAET BIMAHMS Ha 3Ty COCTABJIAIOILYIO. YKa3aHHbIE
pasnuuns B noBeneHusAX koodduimentos orpaxenns R un R? npencrasnens: wa

puc.2. [lng ompeneneHHOCTH, MapaMeTpsl IOoyOecKoHeuHOH (eppuToBOi cpemsl
cooTBeTcTBYIOT (epputy mapku 10CU6B [5]. TommuHa coriacyromero MOKPBITHS
BeiOpaHa u3 ycnoBus (19), mpuuem A = 2 MM. B ciyyae HamMarHHYCHHOW J10
HacelmeHHs ¢eppuroBoii cpensl Ms (Ms < Mp), obecreunBaromeii MOBOPOT
IUIOCKOCTH HoJsipu3aluy Ha 45° Ha anune 10 MM Ipu  ONTUMAaIbHOM COIVIACOBAaHUU
(ycnosue (18), 1160 (21)), 3HaueHust ¢ rpadudecKoidl TOYHOCTHIO COBMAIAIOT (KpUBas
I). Cnenyer otmernts, uto u3 M3BecTHBIXx CBY MartepnanoB Hamnboee moaxoasmyuM
TS COTJIacoBaHus (eppuTa JaHHOW MapKH SIBISICTCS IUIaBIeHbIH kBap ( &/ €, = 3,8),
T.K. €70 BOJIHOBOE CONPOTHUBICHUE Hamboaee OIM3KO K BOJTHOBOMY COHNPOTHBIICHHUIO
ONITUMAJIBHOT'O COTJIACYIOUIET0 MOKPhITHA. KprBas (2) WInIrocTpupyeT 3aBUCUMOCTD OT
JUIMHBI BOJIHBI MIPU TEX K€ HAMAarHMYEHHOCTSX, OJJHAKO B KayeCTBE COTJIACYIOIIETO
MTOKPBITHS HCTIOJIh30BaH IJIABIICHBIH KBapII.

3akarouenue. 13 nmpuBeeHHBIX 3aBUCUMOCTEH CIIEYET, UTO MJIaBJIECHBIH KBapIl
a¢pexTrBHO cornacyeT "X"-10 COCTaBISIONIYI0 OTPaXCHHOW BOJHBI U B TIOJNOCE
gacToT £5% KCBH no 3Toii cocrasisromeii < 1,06.
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R2

107

0,95

2(RY)

I(RS)

0,975

1,0

1,025

Mo

Puc.2. 3aBucmMocTb KOI((MPULMEHTOB OTPaXKeHs 0T
nony6eckoHeuHon (PeppnTOBO Cpefbl MO MOLYHOCTK
R} ¥ R? OT [/MHbl BOMH
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Kpusas (3) nnarocTpupyeT 3aBUCUMOCTb OT JJIMHBI BOJIHBI HAMarHU4eHHOH 10
HachIIIeHNS (HeppUTOBOIT cpenbl, a KpuBas (4) - A cirydas HaMarHMYeHHOH 110 Ms.

3HaueHust RY2 Ipu COrjIaCOBaHMU OINTUMAJIBHBIM IMOKPBITHEM U IIJIABJICHBIM KBapleEM
COBIIaAarOT (l'IpI/I O,I[I/IHaKOBOﬁ HaMaFHI/I‘IeHHOCTI/I) U NPAKTHYCCKU HE 3aBHUCAT OT
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M.TS. AYVAZYAN

MATCHING THE LONGITUDINALLY MAGNETIZED
ANISOTROPIC MEDIUM BY QUARTER WAVE LAYER

The problem of matching the longitudinally magnetized ferrite medium using a single-

layer dielectric coating is investigated. The possibility of obtaining small values of the
reflection coefficient from a magnetized ferrite in the millimeter and sub-millimeter
wavelengths is shown.

Keywords: anisotropic medium, magnetized ferrite, components of the wave field,

matching, dielectric layer, the polarization of the wave, reflection coefficient.
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A.K. HOVSEPYAN

THE PROBABILITY OF AGING PACKETS IN A CHANNEL WITH
ADDITIVE WHITE GAUSSIAN NOISE FOR M-QAM MODULATED
SIGNALS

Based on theories of teletraffic, transmission of digital signals and the Shannon-Hartley
theorem the generalized analytical model and the probability of aging packet for M-QAM
modulated signals are given.

Keywords: model, channel, packet, bit, noise, probability.

Introduction. In the analytical models with packet switched communication
channels using the theory of queueing systems the main output parameters are time-
probability characteristics (probability of packet delivery up to aging, delays and so
on) and other characteristics based on them (load, «functional good quality») [1]. In
these analytical models the channel noise implicitly and indirectly affect the
probability of packet delivery up to aging. Let's try to identify this connection.

Theoretical part. In the physical environment the upper limit of the data
transmission speed, which is the minimum required amount of channel bandwidth is
determined by the Shannon-Hartley theorem:

v:BIog2(1+%j R (D

where B is the channel bandwidth (Hz), S is the signal power (W), N is the noise
power (W).

But in digital systems it will be more correct to place S/N using a normalized
version of this ratio, which represents the ratio of the energy of one data bit (Ey) to
noise power in 1 Hz [2]:

E, S B

—2 =2 2

Ng N vg &

where vs is the bit rate of modulated signal. In QAM modulation case vg can be

represented as the product of symbol rate fs, and mapping rate m (number of bits
transmitted by the same symbol):

—_—=— . 3

N Ng B )

In this way we can approve (the formulas (1) and (3)) that the minimum
required amount of channel bandwidth depends on the ratio E,/Ny:

V= Blogz(l+%) (4)

Using the results of [1] for the probability of packet delivery up to aging, we
obtain:
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5 gz[ N, B J (5)
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b b BIOgZ(“%' f?zzm (1-R)
1- c + . Cc+ bo 1
Blog,| 1+ 2. “3™|R Blog,|1+-2. 5™ |r (R+—j
N, B N, B co

where A is the intensity packet generation (1/s), b is the packet size (bits), ¢ is the
intensity of the aging packages (1/s), 0 is the time recovery (s), R is the restitution
coefficient of the channel.

On the other hand, in a channel with Additive White Gaussian Noise the
dependece of the probability of bit error rate (losses) on the Ey/Nj ratio with an
accuracy of 0,1 dB is described by the following expression [3]:

Pac = 2.(1_%.%[ [Flon.() _} ©

where M is the modulation format, and erfc is the non-elementary Error function (also
called the Gauss error function):

2 m,tz
fex=1-erfx=— dt. 7
erfex erfx J;IXe 7

Based on formulas (3), (4) and (5), we can construct a generalized analytical
model of the aging packet probability in a channel with additive white Gaussian noise
and M-QAM modulated signals. This model can be represented as the product of
P, =(1-P,) Py . The structure of this model is shown in Fig. 1.

Tmnsplitter Physical eqvironmenl Resﬁiver

Information stream

[ Information stream ]

Fig. 1. T —-Terminal - packet generator, Mod - QAM modulator, F - Gaussian matched
filter, Dem — QAM Demodulator

In this model it is beforehand assumed that Forward Error Correction (FEC) and
Reed Solomon encoding, are not performed; the loss of one bit information and
delivery of the outdated packet (i.e. after the loss of packet relevance) are equivalent
events.

In MathCad environment, in a channel with Additive White Gaussian Noise for
M-QAM modulated signals the dependence of the aging packet probability on the
Ew/Ny ratio (Fig. 2) is built. In a channel the probability of aging packets is a more
universal way to measure the channels’ quality than the probability of a bit error.
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Fig. 2

Conclusion. This assertion is based on the fact that the packet could be
delivered to the destination unharmed, but already outdated and with lost relevance.
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M-QAM

M-QAM -

’ ) ’ )

A.K. OBCEIISIH
BEPOATHOCTD CTAPEHUS TAKETOB B KAHAJIE C AJIMTUBHBIM
BEJIBIM T'AYCCOBCKHUM IIYMOM JJIs1 M-QAM
MOJYJIUPOBAHHBIX CUT'HAJIOB

ITpuBenensl 0000IIEHHAs aHAIUTUYECKas MOJAEIb U BEPOATHOCTb CTAPEHHs IAKETOB
it M-QAM MoJynHMpOBaHHBIX CHUTHAJIOB, TOCTPOCHHAS HAa TEOPUsX TeneTpaduka, nepegadu
udpoBbIX curHanos u Teopeme Illennona-Xaptnu.

Kniouesvle cnosa: monens, KaHa, NakeT, OUT, IIyM, BEPOSTHOCTb.
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ZOFUOULEP Q64UdNrUUL yuuavuert

Zujuunwh whnwlub fupnupughnuljut hwdwjuwpuih (Mnjhnkthy) Awbpkpp gpuunu-
Unn hwinbku £ npp hpuwywpulnud £ ghnwnkthjulub, tub yunghpdus whbwpuyh-ghpnisuljut
punyph hnnjusubp, hunnpynudubp, hiswhu b vdju ptuqudueh widuih ghntwlwibtph hophjjub-
uliphl, tnp qppbphl, hudwjuwpuih dwubwlgmpjudp juyugus ghinudnnnubphtt thpjws wynipkp,
hudpugpmpjutt ninnus twdwlubkp, npntg (kqnil Yupnn b bk hugbipkb, eniubpbt jud whgikpk:
Unipp hdpuigpnipnih tkpluyugdnud £ pun hbnlyw) wwhwgtbph.

1. ©pynt ophtiml, twh HEjwupntught wwppkpuyny, hwdwlwpgswihtt pwupyudpp Microsoft Office
Word: Znijwsh swduip Yupnn b (huky dhigh 10 b, hwnnpynuditkphp® dhtsh 4 by: Skpuwnp swpunpniud
E A4 swthuh pnph Ypw, wolunwipughtt nugwnp' Top-5ud, Bottom-5,1ud, Left-5,75ul, Right-1,75uu, Footer-
4,6ul, Uvhgunnnuyht wwpwsnipniup (Line spacing)’ 1,1, wwppkpnipmiup (First line)' 0,75 ud: Zuykpkt 1h-
. ghwpnud ympp pwpugpynud k GHEA Grapalat nunuinbuwny, wunwswthp' 10, hul nniubpkih
Jul whqkpkth ghypnid® Times New Roman nnwnuwnbuwlyny, nwnwswihp 11:

2. Enph Yytpbh dwp wilpniinad gpynud £ hudwwyhnwith mwubnppujuwt nupuljuithyp’ wkpuwnh
hulwyunwupiw (kqyng (2S8%, YIK, UDC), hwgnpn innnh knpnund® giluwinwnkpny] htinhtuly(ukp)h
wiui-huyputiut ujqphwnwuntpp b wqquinii(ubp)p' bold, 10 wmwnwswihny huykpk nbkpunh
nhypmd U 11 nwnwswihny wigkpkb b pmubpkt whpunbph ghwpnud: Zngqush Jptwughpp wpynud &
htnhtwlh wqquujwip hwenpnnn mnnh YEtnpnunud® bold, wdpnnempjudp gjuwwnuntpny’ 10 nwnw-
swihny huybipbb wkpunh ghypnid b 11 wwpwswthny wigykpkb b pniubpbi whpunbph ghypnid:

3. Umipp uuynid E wilthnthnudny (wbinwnwghw) wyt (kqyny, npny tkpljuyugyus b Udthnthnudt w-
Jupujmd E wnwbgpught punkpny wwnwsuthp® 9 huybpkl nkpunh phypmd b 10 nwnwswthm] wg-
tkpkt b pniubkpkl nkpunbkph nhupnud, b vhugh «Unwgpuyhtt puntkp» wpinuwhwyjnnipiniiip® bold, italic:
Udthnthmup whuwp k (htth dpiish 5 wing, wowigpwiht punkpp jud punwluywlgm pmbtbpp 4-8 pun:

4. Bpuwphiwynpynud £ yymph owpunpdwb hbnbyw) jupgp. «Ukpwsnipiniiy, npp whnp L hwdwunnn
utpunh hupgh Jhdwlp, pidugh wpphwljuinipiniip b hbnwgnunipjut bywwnwlyp, «vunph npduspp b
Ubpnnhluyh hhdbwynpmudpy, «Enwgnnnipjut wpnyniupbppy, «Ggpujugnipiniiy, wihpudbynnipiui
phypnud’ wl wy) pudhbkp hudwywnuuwl epbwgpbpny:

5. Skpunnid hnpmudubpp gpuljwinipjuip tpynid Eu npnpuilnit thwljugdtpny: Fwbwdlbbpp
tbpyuyugymu ku tnp wnnhg, Equation Editor spugpny, italic, nnunwswhp 11, wihpudbonnipyul
nhypnud hwdwpwluwpynud Eu nnnh 4kpenid” undnpului (Ynp) thwljugsnid:

6. ULlwpukpb nt wnyniuwlubpp hwenpynid i mbkpunnid hwdwywwnwupiw hnnudubpht: «U»
«Unniuulp» puntpp, tjupttph dwujugpnipniup b wgnuuuljutph whquiunwdubpp gpynwd B Italic 9
wwnwsuhny hwykpkt wkpunp phypnid b 10 nwnwswihny whgikpkt b pniubpbb nbpunbph phwpnud:

7. Skpunht hwgnpymud k gqpujuminipju gmulp' 9 mwnwywthny hwjkpkt wtpunh nhypnd b 10
nwnwsuhny whgkpkt U pniubpkt nbpunbkph ghwpm, dhugi hnhtwhh wqquimbt m wigwb-
hujpuwijut uljgpwnuntpp’ bold, «Ypuwljwinipjut guulp wpnwhwpnnippiup’ wnnh YEhnpnimad,
qlluwwnwntpny: Swilnud qgpuljuinipjul jpipupwisnip wnpmnip hwdwpwluwdnud £ pun wikpunnud hp
hnuwi hippwljwinipjui: Spuljuinipjut wnpnipubpp wuppbpujwt hpupnwpwlnipniuutph phypnd
whipuyugynud Eu htwnbjwy Jwpgny. htnhtwlh wqquiunibp, wiwb-hwpuijut uljqphwnwntpp,
Ytptwghpp, hwinbuh widwinuwp jud pugniidws hwywynodp, hppnwpuldwt wwptphdp, hwnnph oo
ponuplUub hwdwpubpp, hippwlwi hudwpp, mph qenbknlwb tokpp, qppbph ghwypmd’ hinhtwlh
wqquinitp, wijui-hupwijut  uyqptwwnwntpp, Jtptwghpp, hpwunwpuwldwi  Juypp, hpuwnw-
puljympniip, pywluibp, tekph putayp:

8. Qpuljuinmpjub guulhtt hwonpynud Lt wdthnthmudubpp djniu Gpnt (Eqniitipnyg (kpk wnbkpuwnp
huytiptt k, wdthnthnudubipp twje’ pmubipkt, wyw® woqbpk, Gph pniubpbb E, twpjn’ hwybpkl, wyw®
whqkpkl, plk whqkpkt k, twp' hugbpbl, wyw® powubpbt): Udthntnudubpp popnp bplip (kgnibkipnyg
hptug pnjuitinulnipjudp b wpwigpuyht purtpny whup k hukh inybuwlwb:

9. Skpuwnp uwnnpugpynud t hinhtwl(utkp)h Ynnuhg, toymd E 4ympp judpugpnipnit hwbdubinu
wduwphip: Skpuinh fadpuqpdus b uppugpius inmuppbpuljp hwdwdugitbgynud k htnhtuly(tkp)h hbn:

10. Zhnhuwly(ubp)t wpwtdhts kond ubphuyuginud £ (k) wqqunil, winih, huypuwunitp (phi),
wpiwwnwyuyph, unynpbnt Juyph phy widuinulp, qpunbigpus wuwowntp, ghnwufjub wuwnhfwp,
htinwinuwhwdwpubpp (wojpwnwbpuyht, wwb b peowyhiy):
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MPABUJIA O®POPMJIEHHUSI CTATEM

Bectauk T'ocymapcTBenHoro uHxkeHepHoro yHuBepcutera Apmenunn ([lonmurexHuk) -
peLeH3UpYeMBblIil JKypHal, B KOTOPOM IMyOIMKYIOTCS Ha apMsSHCKOM, PYCCKOM M aHIVIMHCKOM S3bIKax
CTaThbU HAYYHO-TEXHHUYECKOTO XapakTepa, COOOLICHHMS, 3aKa3Hble O0030pHO-aHAIUTHYECKHE CTAThH, a
TAKKe MaTepHalibl, MOCBAIICHHbIE I0OMIESIM HM3BECTHBIX B JQHHOH OOJIACTH YYEHBIX, HOBBIM KHHUTaM,
HayYHbIM KOH(PEPESHUHUSIM IIPU y4aCTHH YHHUBEPCHUTETA, U MUCbMA B aJIpeC PEIaKLUH.

Matepuan npecTaBiIseTcsi B peIakiUio B COOTBETCTBUH CO CJIETYIOIMMH TIPAaBHIaMH:

1. Cratbs B ABYX 3K3eMIUIIpax U ¢aitn cratbu B popmare Microsoft Office Word. O6bem cratbu He
nomKeH mpesbimiath 10 cTpanui, obbeM cooOiieHuii — 10 4-x crpanun. dopmar crpaHuisl — A4.
Pabouee mone: Top — Scm, Bottom — 5,lcm, Left — 5,75cm, Right — 1,75cm, Footer — 4,6cm,
MexcTpounbslii uHTepBan (Line spacing) — 1,1, kpacHas crpoka (First line) — 0,75cm. [{ns cratsy,
HaIMCaHHON Ha apMsHCKOM s3bike, npumensiercst mipudgt GHEA Grapalat (pasmep mipudra - 10), a Ha
pycckoM u anrnuiickom — Times New Roman (paszmep mwpudra — 11).

2. B 1neBoM BepxHEM YINIly TMEpBOrO JHCTAa YKa3blBaeTCd YHHBEPCAJIbHBIH AECATHUHBIN
kinaccudukarop (287, VK, UDC); crpokoit mmwke - uauimansl (M.0.) u daMuinst - 3ariaBHBIME
OykBamu, mpudrt Bold, pasmep 10 — Ha apm.s3., 11 — Ha pyc. U aHIUI. 3., BBIPAaBHHUBAHHUE 1O LICHTPY;
CTPOKOH HIJKE I10 LIEHTPY YKa3bIBACTCs Ha3BaHNE CTaThU — 3aryIaBHBIMH OykBami, mwpu¢T Bold, pasmep
10 — Ha apm.si3., 11 — Ha pyc. 1 aHTI. 53.

3. Marepuan TeKcTa HAaUMHAETCSl C AaHHOTALMU M MPECTABIIETCS HAa TOM S3bIKE, HA KOTOPOM HaIlH-
caHa cTaThs. TEKCT aHHOTALMHU JIOJDKEH COCTOSATh He Oosiee yeM u3 5 crpouek. [locne aHHOTAMHU MUY T-
csl KITIOYEBBIE CII0BA — OT 4-X /10 8-U CJIOB WJIM CJIOBOcoYeTaHui. Pasmep TekcTa aHHOTAIMU U KJIIOYEBBIX
c10B 9 — Ha apM.si3., 10 — Ha pyc. U aHTIL 513., cnoBocodeTanue «Knwuegvie cnosan - Bold, italic.

4. PexoMmeHayeTcsi CIEAYIOIMH TOPSIOK H3JIOXKEHHS MaTepHana CTaTbU: BBEJEHHE, B KOTOPOM
JOJDKHBI OBITH KPAaTKO IMPEACTABICHBI COCTOSIHHE BOIPOCA, aKTYaJbHOCTh TEMbI H LENIb HCCIICIOBAHNUS,
MOCTAHOBKA 3aJa4d M OOOCHOBAaHHE METOMMKH; Pe3yJIbTaThl UCCICIOBAHMS; 3aKIIOYCHHE (ITH, a IPU
HEO0OXOIUMOCTH, U IPYTHE Pa3fieibl JOJKHEI HMETh COOTBETCTBYIOILIE 3aTOJIOBKH).

5. CChUIKH Ha JIUTEpaTypy B TEKCTE JAIOTCS B KBaJIpaTHBIX CKOOKax. DOpMyIibl 1 MaTeMaTHYeCKHe
BbIpakeHus1 Habuparotes peapakropom Microsoft Equation, italic, pasmep — 11. ®opmyssl HabuparoTest ¢
HOBOM CTpOKH, BbIpaBHHBaHWe 1O ueHTpPY. IIpu HeoOXxoaumocTH, uX HymepyiloT. Homep dopmyiibl
pacnoniaraercsi B KOHLE CTPOKH, B KPYTJIbIX CKOOKaX.

6. PucyHku ¥ TaOIMIBl pAacIoNiaraloTci B TEKCTE IO XOAy CChUIKM Ha HuX. CioBa «PuUC.»,
«Tabnuuax», a TakKe Ha3BaHUS PUCYHKOB W TaOJIHIl mUmyTes italic, pasmep 9 — Ha apm.s3., 10 — Ha pyc.
W aHIJI. 513.

7. B KkoHIE CTaThH JAeTCsl CHHMCOK JINTepaTyphl: pasmep 9 — Ha apm.si3., 10 — Ha pyc. U aHII. 53.
CnoBocoueranue «CIIMCOK JIMTEPATYPbBI» pacmonaraercss B LEHTPE CTPOKH 3ariaBHBIMA
OykBamu, Bold. IluTupoBanHas nuTepaTypa HyMepyeTcsl B MOpPSAKE CCHUIKM Ha Hee B Tekcre. Kampblii
HCTOYHHK IMPEJCTABISIETCS B CIEIYIONIEM TOPSIKE: B CIyyae CChUIKH Ha CTAaThIO M3 XKypHaua: (hamuiius,
nannuansl U.0. - Bold, Ha3BaHue cTaThy, Ha3BaHME XKypHAla, MECTO M3JAHMs, TOJ W3JAaHWS, TOM H
HOMEp U3JaHus, ¢ KaKOW 10 KaKylo CTPaHHMIIbl 3aHUMAET CTaThs B 9TOM JKypHaJe; B CIydae CChUIKM Ha
kHUTY: pamuausi, uannuansl U.0., Ha3BaHUEe KHUTH, MECTO H3/aHUs, Ha3BaHUE H3IATENbCTBA, TOJ
H31aHus, 00I1Iee KOINYECTBO CTPAHHMIIL.

8. Ilocne nurepaTypbl NPEACTABISIOTCS AHHOTALMH BMECTE € KIIFOYEBBIMU CJIOBAMM Ha ABYX JIPYTUX
s3bIKax. ECiu cTaThsl HamMcaHa Ha apMSIHCKOM SI3bIKE, TO CHavasla JaeTcs aHHOTALMS HA PYCCKOM SI3bIKE,
3aTeM Ha aHMVIMHCKOM; €CJIM HalucaHa Ha PYCCKOM SI3bIKE — COOTBETCTBEHHO Ha apMSIHCKOM U
AQHITIMICKOM, a €CIM Ha aHITIMIICKOM — COOTBETCTBEHHO Ha apMsHCKOM M PyccKoM s3bikax. Conepixanue
AQHHOTALMH U KIIFOYEBBIE CJIOBA JIOJDKHBI OBITh Ha TPEX SI3bIKaX OJIMHAKOBBIMU.

9. CraThsl NOAMKUCHIBACTCS aBTOPOM (aBTOpamu). B KOHIIE CTaThM CTaBHUTCS Aara (YUCIO, MECHL,
rox) mnpencraBieHuss cTaTbud. OTpENaKTUPOBAHHBIH M OTKOPPEKTUPOBAHHBIA BapHUaHT PYKOIHCH
COTJIaCOBBIBACTCS C aBTOPOM (aBTOpaMH).

10. Ha otmenpHOMN cTpaHUIle HEOOXOJUMO TPEACTABUTH CIEAYIOIINE aBTOPCKHE JaHHbIC: (paMuius,
UM, OTYECTBO; MOJIHOE HAMMEHOBaHHE MecTa paboThl, MecTa yueObl; 3aHMMaeMasi J0DKHOCTD, yueHast
CTENEHb U 3BaHUE; HOMEPa TeNe(OHOB (CIIyKeOHbIH, TOMAIIHNH, MOOMIIBHBIN).
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RULES FOR PREPARATION OF ARTICLES

Proceedings of State Engineering University of Armenia (Polytechnic) is a peer-reviewed
journal which publishes scientific-technical and also analytic —review papers, short communications, as
well as materials about the jubilees of prominent scientists, new books, scientific conferences
coorganized by the University , letters addressed to the editorial board, the language of which can be
Armenian, Russian or English.

The material should be presented to the editorial staff in accordance with the requirements given
below.

1. The authors are requested to submit two hard copies, and also the electronic version of the
manuscript by Microsoft Office Word. The volume of scientific paper is limited to 10 pages, and to 4
pages for short communications. The text should be printed on A4 sized paper. The text margins should
be: Top — Scm, Bottom — 5.1 cm, Left — 5.75 cm, Right — 1.75 cm, Footer — 4.6 cm, Line-spacing — 1.1
cm, the first line — 0.75 cm. Texts in Armenian should be printed by the GHEA Grapalat, font size
10, and the texts in Russian or English by Times New Roman, in font size 11 .

2. On the top left corner, the Universal Decimal Classifier is placed in the language of the
manuscript (287, YK, UDC). The initials and the surname(s) in font size 10, bold for texts in Armenian,
and in font size 11 for the ones in English and Russian should be in the centre of the next line. The title
should be placed in the centre of the line following the author’s surname in font size 10, bold, all in
capital letters for texts in Armenian, and in font size 11 for texts in English and Russian.

3. The text begins with an abstract in the language it has been presented. It ends with keywords in
font size 9 for texts in Armenian, and in font size 10 for the ones in English and Russian. Only the word
“Keywords” should be bold, italic. The summary should not exceed 5 lines, the number, of keywords or
word ocmbinatiors - 4-8.

4. The papers should include an introduction briefly introducing the state of the problem area, the
importance of the subject and the aim of investigation, as well as sections describing the statement of
the problem and selection of the methodology, the results of investigation, conclusion (other sections if
necessary) with subtitles, and it should end with the list of references.

5. The references in the text should be given in square brackets. The formulae should be introduced
by the Microsoft Equation Editor. They are printed from a new line in italic, font size 11 in the center of
the line, and if necessary numbered at the end of the line in round brackets..

6. Figures and tables should follow their references given in the text. The words “Fig”, “Table”, the
figure inscriptions and the table names should be printed in italic, in font size 9, for texts in Armenian,
and in font size 10 for texts in English and Russian.

7. The text is followed by the references in font size 9 for texts in Armenian and in font size 10 for
texts in English and Russian. Only the author’s initials and surname should be bold. The word
“References” should be placed in the centre of the line in capital letters. In the list of references each
source should be enumerated according to its reference number in the text. For the periodicals the
references should be introduced in the following style: the author’s surname, initials, title, year, numbers
of the volume and issue, page numbers, and for books — the authors names, full title, publication place,
publisher, year, total number of pages.

8. The references are followed by the abstracts in the other two languages. If the text is in Armenian,
the abstracts should be first in Russian and then in English. The text in Russian should be followed first
by Armenian and then by English abstracts, while the texts in English should be followed first by
Armenian, then by Russian abstracts. The abstracts in all the three languages should be identical in
content and keywords.

9. The manuscript should be signed by the author(s) with indication of the submission date. The
edited and proofread version of the manuscript should be agreed upon by the author(s).

10. On a separate page, the author(s) should introduce his/her/their full surname(s), name(s),
patronymic(s); the full name(s) of employment place, educational institution; the position occupied
scientific degree, telephone numbers (office, home, mobile).

95



PUULRTEC
2U8UUSULP MESUYUL LULSUSUSPSUYUL ZUUULUULULE

Utiphw PLHINLUUSPNAL SELNLNSPULES,
ELBUS Ouvhuy, NUNPNSECLHUU

[ony. 15

Ne 1

BECTHUK
rOCYOAPCTBEHHOIO MHXEHEPHOIO YHUBEPCUTETA APMEHNI

Cepusa NH®OPMALWMOHHBIE TEXHOOI NI,
SNNEKTPOHUKA, PAONOTEXHNKA
Bbinyck 15
No 1
PROCEEDINGS
OF STATE ENGINEERING UINIVERSITY OF ARMENIA
Series INFORMATION TECHNOLOGIES,
ELECTRONICS, RADIO ENGINEERING
Issue 15
Ne 1

éran=3-Air3l ; va4=3-najAl=Y: 14.06.2012A.:
A&i0AA 80yE»AL: TA=-AiAIAYA" nhqn, UARUSTE (70x100) 1/16:
P3AT2T0A i303T30-33(CY:
T3631»63TA° GHEA Grapalat: 8 7&. U3U.:
as3ri»i# 301 TA3U3Y3T 120

Zuyuuinwbh Mhnwlub Twnorpacusa MocyaapcTBEHHOr0 Printing house of State

Kupinupughnwlul MHxeHepHOro YHueepcuteTa Engineering University
Zunfwumpuih nyupuh . Apm?pmm 105 . of Arn;en\l(a

eBaH, yN. TepaHa eryan str. Yerevan

Bpluwt, Skpyub 105, pesaH, yn. Tep ; y :

Ten.: 520 356 Tel. 520 356
2kn.~520 356





